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ABSTRACT

The critical factors invelved in the
selection of fluids and lubricants for deep
ocean equipment are defined, and methods of
determining critical properties are described.
The values of critical properties are given
for fluids and lubricants as they have been
determined or are known from previous liter-
ature, Suggestions also are given on the
applicability and possible limitations of the
fluids and lubricants for deep submergence
vehicle use. It is planned to revise and
update the contents of this handbock period-
ically.
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PREFACE

The Deep Ocean Technology (DOT) "Handbook of Fluids and
Lubricants for Deep Ocean Applications" was prepared to provide
critical properties, evaluation methods, and other pertinent
fluid and lubricant infr.-«.tion to designers, engineers, and
operating personnel concernec with deep ocean applications.

This handbook is a '"guide," not a specification. It cannot
be cited as authority for action. It supplements published
information and aids the user in selection of a fluid or lubri-
cant applicable to a particular deep ocean application,

content and Organization of the Handbook

Chapter I defines and discusses the factors involved in the
selection and perfcrmance of fluids and lubricants in deep ocean
applications. This chapter is written as an integrated account
to be read in sequence as in a book.

Chapter II describes in detail the methods employed for
establishing the fluid properties presented in Chapter III. This
last chapter provides suggested applications and possible limi-
tations in addition to the properties.

In compiling these data we have consulted many sources and
utilized applicable experience wherever found. Thus, the
Bibliography represents, in effect, contributors as well as
source material.

Revisions, Growth, and "User Comment Return Form"

The DOT "Handbook of Fluids and Lubricants for Deep Ocean
Applications" is designed to be periodically revised to include
new data and considerations for fluid encapsulated system design
and additional deep crean applications. Responsibility for the
maintenance and expans:>n of the handbook has been assigned,
under the supervision of the Naval Ship Systems Command (SHIPS
O3424), to the Naval Ship Research and Development Laboratory,
Annapolis, Maryland.

Revigions to the handbook will be effected by the use of

page changes and additions. As the handbook is published in
loose-leaf form, revisions may easily be made.

iv
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PREFACE (Cont)

Using commands and individuals within the Navy and the non-
military marine community are encouraged to submit additional
data, paragraphs, or chapters. Less extensive feedback - even
mere indications that specified sections are judged to be too
general .. is useful and solicited. Feedback may be forwarded
directly to

Deap Ocean Technology Program
Naval Ship Research and Development Laboratory
Annapolis, Maryland 21402

Material resceived will be carefully reviewed and coordinated
prior to publication. A handy preaddressed user comment return
form is included for your convenience.




ADMINISTRATIVE INFORMATION

This first edition of the handbook was begun Ly the Naval
Ship Research and Development Laboratory, Annapolis, Maryland,
as part of the Deep Ocean Technology Program, S4636, Task 12315,
Work Unit 1-821-118-A "Fluids and Lubricants for Deep Submergence
Applications." The Program Manager was the Naval Ship Systems
Command (SHIPS O3424), and Naval Ship Engineering Center (SEC
6101F) was the Technical Agent. It was completed under S463€,
Task 14745, Laboratory Work Unit 1.723%-113-A, "DOT Compensating
Systems." The Program Manager was Naval Ship Systems Command
(SHIPS O3424), and Naval Ship Engineering Center (SEC 6141) was
the Technical Agent.
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IDENTIFICATION OF FLUID CODES

~Flul
Cods jCommercial Name Supplier
A |PR-1IP2 E. F. Honghton Co., 303 W. Lehigl. Ave.,
Philadselphia, Pa., 19133
B |Micronic 713 |Bray Oil Cco., 3340 M-d‘ord St., Los
Angeles, Calif, 90063
C [Micronic V&2 Bray 0il Co,, 3344 Mcaford St., Los
| |Angeles, calif., 900€>
D [MOH.TDH-1 New Departure -~ Hyatt Bcarings, Hayes
Ave,, Sandusky, Ohio 44871
E [Hoover Sub- Foover Electric Co., 2100 South Stoner
mersible Fluid |st., lL.os Angeles, calif. 90025
m. 2
P [Tellus 11 Shell 0il Co., 50 W. 50th 5t., New York,
N. Y. 10020
G [Tellus 15 Shell 0il Co., 50 W. 50th St., New York,
N. Y. 10020
H |Tellus 27 Shell 0il Co., 50 W. 50th St., New York,
N. Y. 10020
3 |Primol 207 Humble 0il and Refrning Co., P.0. Box
: 1288, Baltimore, Md. 21203
X |#arcol 52 Rumble 01l and Refining Co., P.O. BOX
_ 1288, Baltimore, Md. 21203
L jsr.ll33 General Electric Co., Silicone Products
Dept., Waterford, N.Y. 12188
M |c-181 Royal Lubricants Co., River Rd., Hanover,
N. J. 07936
N |PR-B5-29-129 |E. F. Houghton Co., 303 W. Lehigh Ave,,
Philadelphia, Pa. 13133
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INTRODUCT ION

in the typical U, S, Navy submarine, most of the operating
machinery for propulsion, maneuvering, and other required func-
tions is located within the pressure hull. In contrast, only
the control equipment of deep submergence vehicles is housed
within the pressure capsule. It is connected by wires through
glass.to-metal seals through the capsule to external machinery.
Thus, only electrical control signals are provided to pumps,
motors, winches, hydraulic systems, and the other reguired
machinery operating in the ambient pressure, temperature, and
contaminants of the deep ocean.

7c shield system components from the corrosive action of
seawater and other effects of the ocean environment requiree
that equipment be operated within some sort of protective medium.
Three approaches are being pursued: (1) encapsulation, (2} the
"hard shell," and (3) fluid compensation. Encapsulation of
components in a material such as epoxy resin is under investigz-
tion. As an alternative, the sealed case. or "hard shell," is
not always applicable. 1Its disadvantages are the size and
weight required to withstand the pressure of the deep ocean
environment, means to achieve adequate neat transfer, and the
problem of penetrations that can withstand high-pressure
differentials. A fluid-filled, pressure-compensated case for
these components external to the pressure hull has been the pre-
ferred protective approach., This is the aliternative that
requires consideration of suitable protective fluida.
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CHAPTER 1
FLUID AND LUBRICANT PROPERTIES AND USE CLASSIFICATION

The exploration of the ocean depths has created requirements
for fluids and lubricants for which no precedent exists. The
hostile enviromment of the ocean, and not necessarily the sophis-
tication of the equipment, has placed new demands on fluids and
lubricants. Fluids will have to withstand exposure to ambient
temperatures ranging from 28° to 130° F, pressures up to 20,000
psi, and a chemically corrosive environment.* ‘'ndersea explora-
tion is being performed by means of manned and urmanned submer-
sibles, with externally placed pressure-compensated machinery,
manned submerged habitats, and submerged instrument packages,
each of which may have fluid or lubricant needs.

Generally speaking, there are three main uses for fluids
and lubricanils in deep ocean applications:

® Power transmission; i.e., the fluid for a hydraulic
system,

® Lubrication; i.e., friction and wear reduction for
system bearings and gears.

e Shielding from environment; i.e., a fluid to fill
externally placed electric motors, switches, and relay boxes, to
protect the components from seawater.

Ideally one fluid could serve all three purposes, but most fluids
will not be suitable for all threa.

Furthermore, it must be remembered that when products pur-
chased under a military or federal specification are used,
properties not specifically required by the specification may
vary widely from one manufacturer to another and from one manu-
facturer's batch to another,

Viscosity
Viscosity is one of the most important single properties of

any fluid that is to be used for power transmission or for lubri-
cation. 1In surface vessels, submarines, and aircraft, viscosity

*Abbreviations used in this text are from the GPO Style Manual,
1967, unless otherwise noted.
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‘ing the increase of viscosity with pressure have been studied. P

is no longer a serious problem, since representatives of the
various types of hydraulic fluids and lubricants are available in
suitable viscosities, and with improved additives to yield very
favorable viscosity/temperature relationships. Wwhile the effect T
of temperature is still the major consideration, a new variable,
introduced with deep submergence, the viscosity/pressure relation-

ship, is superimposed on the temperature effect.

In nearly all planned uses, as many components as possible
are placed external to the pressure hull where the fluid serves
as a protective medium for the mechanical ard electrical system
components and, of course, is subjected to the ambient pressure
at the dive depth. Moreover, the fluid in a hydraulic system 1s
usually pressurized to 3000 psi above the ambient pressure to
operate the system components. Such systems could subject the
fluid to a total of 20,000 psi at the maximum known depth of
the ocean.

It is well known that viscosity increases with pressure.
The viscosity of pure petroleum oils may increase as much as
30 times at a pressure of 20,000 psi. The viscosity of petroleum
oiles with polymeric additives that improve the viscosity index -
exhibits an increase of only 10-15 times the atmospheric pressure
value. Silicone oil of low viscosity increases 8-10 times in
the same range. Several mathematical relationships for predict-

The best representation has been obtained from a third-order
polynoxial expansion of the logarithm of viscosity at pressure
which agrees with measured values to within 1%; i.e.,

4ny = gny, + bp + cp® + ap®

where

v = viscosity at the measured pressure is

Vo = viscosity at atmospheric pressure

P = pressure
b = coefficient characteristic of the fluid measured L
¢ = coefficient characteristic of the fluid measured ;}

L

coafficient characteristic of the fluid measured.
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(A straight-line fit logarithm of viscosity versus pressure data,
dny = iny, + bp, will predict values to within 10% of the mea-
sured values. The coefficients of the equations are character-
istic of the fluid measured.)

The pressure/viscosity relationship imposes a new restric.
tion on the choice of fluids. The information available at the
present time offers some guidelines upon which to base a
selection:

® Lower viscosity fluids are less affected by pres-
sure than higher viscosity fluids,

® Low viscosity permits higher spzeds in electric
motors,

® The viscosities of gas-saturated fluids are less
affected by pressure than are those of the gas-free fluids.

® Additives which improve the viscosity/temperature
relationship appear to significantly reduce the viscosity, change
due to pressure increase,

® Low viscosity has also been shown to be a desirable
characteristic of fluids used in the satisfactory operation of
switching electrical devices in fluids under high pressure. The
failure of electrical devices due to the buildrp of solid prod-
ucts or "clinkers" between contact surfaces in pressure compen-
sating fluids takes place less readily, the lower the viscosity
of the fluid.

The addition of polymeric viscosity index improvers offer
an attractive possibility for alleviation of both temperature
and pressure effects on viscosity. These materials render a
fluid non-Newtonian; that is, its viscosity becomes dependent
upon the shear-rate condition to which the fluid is subjected.
The system designer must take into account that the apparent vis-
cosity of a non-Newtonian fluid in a system with a high shear rate
will be significantly lower than the viscosity measured by conven-
tional laboratory viscometers. The same shear which lowers the
viscesity of the fluid, due to its non-Newtonian behavior, has
the undesirable property of eventually degrading the viscosity-
improving additive (a polymer of high molecular weight) by reduc-
ing its molecular weight, thus permanently reducing the viscosity
of the fluid.

o N WS R
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Viscosity may be an important consideration for fluids which
are intended to provide ervircnmental protection for nonmoving
electrical and electronic components. There arc indications that
in the event of sea-water contamination, all other things beindy
equal, fluids of hicher viscosity have a greater tendency to kecp
water in suspension, a characteristic which lowers the dielectric
breakdown voltage and insulation resistance of the fluid to
unacceptable levels.

Low viscosity may also be desiralble in relation to elec-
trical equipment, from the standpoint of heat transfer. The
lower the viscosity of the fluid, the more rapid will be the
desired dissipation of heat generated by motors, switches, solid-
state devices, and other electrical components.

Lubricating Ability

The lubricating ability of a fluid or lubricant is a criti-
cal consideration in the selection of an immersion medium for
moving parts. While viscosity has been separately discussed as
a critical property, it also affects lubricating ability. The
present requirement for lubrication of moving parts under deep
submergence pressure, when considered in the light of the proper-
ties of known lubricants, dictates the use of low viscosity
fluids. On the other hand, such fluids present serious lubri-
cation problems at atmospheric pressure. A fluid for deep ocean
use will have its highest viscosity at the maximum operating
depth and thus at the lowest ambient temperature. It will also
have its lowest viscosity while operating on the surface or at
its shallowest operating depth, where the ambient pressure is at
a minimum and ambient temperature is at the maximum. Thus, a
fluid may have adequate viscosity for lubrication over most of
a machine's operating depth; yet when the machine is operated on
the surface, its viscosity may be below acceptable levels for
good lubrication. Conversely, a machine may have good efficiency
due to low viscosity when operating near the surface and have
poor efficiency due to high viscosity when operating at maximum
depth. 1In applications where viscosity is an important factor
(motors. gears, and hydraulic systems) it is necessary to con-
sider these operating extremes. A fluid whose viscosity shows a
small variation with pressure and temperature and has good lubri-
cating properties would be desirable for that machine. However,
in most instances, today, a tradeoff must be made since fluids
with these ideal properties do not exist for all required
applications.

I-4
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A similer set of rccuirements was encountered in "Aerospace”
applications where low viscoaity lubricants had to be employed
due to ths extremely low “smpsrature of the operating environ-
ment. The solution to the probiem was to develop additives to
improve the load-carrying ability (i.e., the ability of a lubri-
cant to maintain a film between two moving metal components pre-
venting metal-to.metal con:act, duspite extremely high pressures),
to develop additives to improve the viecosity/temperature rela-
tion, and to develop additives tc keep the lubricants from oxi-
dizing from the heat generated by less-than-satisfactory lubri-
cation. In addition to the devalopment of lubricants, changes
were made in design of the equipment to make it tolerate the low
viscosity lubricants. Furtharmore, the natare of the application
made the relatively short running time and short equipment life
acceptable.

"Aerospace' -type lubricants are currently in uase in both
Navy and comuercial deep submergence vehicles. While they have
proved satisfactory for present short-term operations, improve -
ments are required for reliable long-term operation in the pres-
sure range expected in the deep ccean envirorment.

Effects of Contamination

It is well known that water in a lubricant reduces the life
of loaded rolling angular-contact bearings by accelerating
rolling-contact fatigue failure. Water in a lubricant also
alters ite rheclogical properties which ultimately affect its
lubricating ability for gears and sliding —ontacts.

Solid contaminants in the lubricant act as abrasives to
increase the wear on moving parts, and if solid particles are
present in sufficient quantities, the filters and valves in mov-
ing systems may become clogged and fail to operate as designed.

The acceptable limits of both sea-water and solid contamina-
tion have not been established.

corrosion Protection

Fluids and lubricants for deep ocean uses must provide pro-
tection from the corrosive character of the environment, seawater.
The fluid or lubricant must be capable of protecting the system
from corrosion, for seawater has a high probability of entering
the system.
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Rust-inhibiting fluids and lubricants of many types huave
been available for years and are available in the low viscusity
types required for deep ocean applications., However, the ability
ofmany fluids to inhibit corrosion has, in the past, been eval-
uated chiefly in temms of the rust prevention of ferrous metals,
To depena on such fluids may be hazardous since there are also
nonferrous metals in all deep submergence systems. It is not
always possible to use the fluid which has given maximum protec-
tion to a mild steel specimen in a leboratory test, since thore
are numerous examples of rust-inhibited fluids which severely
attack nonferrous metals. The specifications of fluids for
corrosion inhibition should be prepaved, or revised, so that
uniform protection is provided for all the metals encountered
in the various systems.

A fluid which is to be used for any of the three main
functions - power transmission, lubrication, environmental
protection - must display the ability to protect all system
metals from corrosion. This is a property which must be con-
tinually improved so that system componerts are protected from
all forms of corrosion, that is, stress, galvanic, crevice, and
pitting, as well as general chemical attack by the action of
seawater.

Dielectric Properties

A pressure-compensating fluid for electric motors, relays,
switching devices, and electronic equipment must have good
dielectric properties and ideally should be otherwise inert to
the effects of electrical equipment operation.

The dielectric quality of a fluid is measured in temrms
of electrical resistivity, dissipation factor, and dielectric
breakdown voltage. Dielectric properties of a fluid as received
result from its chemical nature and from the presence of add; -
tives in certain cases. 1In practice, several factors affect
dielectric properties during usage.

Contamination of the fluid by sea-water leakage is an
important cause of failure. As little as 0.1% contamination by
seawater reduces the resistivity of some fluids below suggested
limits. Fluid chemical changes and carbon produced by arc dis-
charge through the fluid or from brush wear also lower its
resistivity and breakdown voltage below suggested limits. Equip-
ment failures due to lowered resistivity and dielectric breakdown
voltage also have been caused by contamination with metallic
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particles resulting from the wear processes of moving parts. A
commonly observed failure at high pressures and high current
densities of fluid-compensated electrical switching devices is
the deposition of carbon or silica on electrical contacts, where
arcing occurs. At present no fluid has been found that can pro-
vice long life under these conditions.

Dissipation Factor

The need for fluids and lubricants with corrosion protec-
tion properties and improved lubricating ability has led to the
formulation of products which contain polar additives and those
in which water is soluble or with which water is miscible. 1In
addition to lowering the resistivity and dielectric breakdown
voltage, the polar materials also decrease the efficiency of
an electric motor by transformation of electrical energy into
heat energy in a nonsinusoidal alternating-current system, A
useful measure of this property is the dissipation factor of
the fluid. A high dissipation factor predicts dielectric heat-
ing losses. Dissipation factor is defined as the tan_ent of the
loss angle expressed as percent for a dielectric material. (A
perfect insulator would have a loss angle of 0 degree and thus
a dissipation factor of O%.) Dielectric heating losses are
proportional to the square of the voltage gradient, frequency
of applied voltage, dielectric constant, and dissipation factor.
The trend in submersible equipment is to use inverters and
choppers, without filters to save weight; thus, high frequencies
are encountered. It then becomes obvious that dielectric losses
through the fluid will increase if the dissipation factor of the
immersion fluid is high or if it increases due to contamination.
The losses would not be immediately obvious in laboratory bench
studies where commercial electric power is the energy source.

In actual naval service unfiltered inverters and choppers with
a large percentage of high-fregquency component are used. Eval-
uation methods which consider this operating condition have nct
been devised.

Ability to Form Stable Emulsions

wWhen the fluid encapsulating any electrical equipment becomes
sea-water contaminated, it is clear from the statements in the
preceding paragraphs on dielectric properties that efficiency may
be lost or failure mav occur. The quantity of the seawater in
the fluid and its state of subdivision may determine whether
failure or efficiency losses will occur. This factor is especially
important in the operxation of electric motors where motcr shaft
seals may allow leakage of the external seawater. If the oil

17
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permits the water to separate in large drops, a short circuit
and catastrophic failure can occur when one of the drops of
seawvater bridges the electrical gap. If, on the other hand,
the water is emulsified in extremely small droplets, “he motor
may still operate, even though dielectric heating and loss of
efficiency may occur. 1In this case, even though emulsified
vater in the immersion fluid may ultimately lead to motor
failure, the failure is not of the catastrophic type. Present
methods of evaluation of emulsifying ability have not yet been
correlated with perfcrmance capability. The limits of emulsi-
fied water in oil and the limits of polar-type emulsifiers have
not been established, nor has the use of nonpolar emulsifiers
been investigated. These considerations are not s> important
in electrical components other than motors where little agita-
tion occurs.

Material Compatibility

The use of compatible materials in a system which is to
be fluid-filled is of prime importance regardless of the fluid
used. No system should be designed without conasidering the
compatibility of the fluid and material. Wwhen a fluid is
selected, a list of compatible materials should be compiled
or consulted to determine whether the metals, coatings, insula-
tions, seals, and elastomers in the system are compatible. 1If
a specific material is required for a particular application,
then the fluid selection must be governed by its compatibility
with that material. Incompatible coatings or elastomers may
cause the formation of sludge in the fluids. System leaks can
develop wvhen inccapatible elastomers are used for sealing.
Blectrical failures can result from the use of incompatible
fluids and insulating materials. Accelerated corrosion usually
results wvhen a fluid is in contact with an incompatible metal.

Vblntilitz>lnd roxicigx

Thesa two related properties require consideration for any
fluid or lubricant application. Nearly all volatile materials
pose a certain degree of toxicity, but not all toxic liquid
saterials are volatile. The toxicity may be exhibited in
various ways. Volatile materials may affect lungs, bronchi, and
nasal passages either by irritant action, by chemical or solvent
action on tissue, or by forming an inert coating *o interfere
with the respiratory process. Toxic liquids in contact with the
skin or eyes cause irritation, destruction of tissue by chemical
action, or demmatitis, in sensitive individuals. Inert liquids
such as silicone oils, which are not considered toxic in the

1-8
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usual sense of the word, present special problems when they get
in the eyes or are inhaled. Their insolubility and immiscibility
with water make it impossible for body fluids to carry them away,
and in the case of the eye, a condition similar to cataract can
resul:., In most cases, fluids and lubricants used in deep sub-
mergence will be volatile and toxic. Such use, however, will

be in capsules external to the pressure hull of manned vehicles.
The breathing atmospheres of manned habitats will have to be
reviewed, particularly from the standpoint of sources of fluid
vapors or solid lubricant dust. The volatility of all solid and
liquid lubricants should be specified properly for all deep ocean
applications. The effect of pressure should be included since

in most cases volatility increases with preasure.

Compressibility and Density

1deally a liquid is incompressible, but existing fluids and
lubricants show 5%-7% decrea.e in volume in the case of petroleum
fluids, and 8%-13% in thc case o silicone-base fluids wher they
are in the pressure range from atmospneric to 20,000 psi. Fluid-
encapsulatad systems must be designed to allow sufficient fluid
to ensure that the system components will be lukricated and
protected from the environment in spite of any volume reduction
in the fluid. Compressible iiguids can cause some operat: cnal
sluggishness if they are employed ir a nydraulic system,

It is desirable to have ligquids with a density less than
1.0 gram per cc at atmospheric pressure since this will save
weight in the system. All of the petrcleum oils and most .f£ the
applicable silicone 0ils have a density of less than 1.0 at
atmospheric psessure. The more inert classes of liquide all have
high densities and are not being generally utilized for that
reason. Since ther. is an increase in density with an increare
in pressure and the weight of the fluid head will change, the
circulation rate may decrease for fluida or lubricants which are
pump-circulated. The density as well as the compressibility ol
fluids as a function of both tewperature and pressure should be
considered by vehicle and machinery designers.

Chemical Stability

The term "chemical etability” is used here to indicate the
avility of a fluid or lubricant to resist oxidative. hydrolytic,
or thermal degradation. Pailure of a fluid or lubiicant to
resist oxidation or hydrolysis creates a hostile environment for
the system components even in the absence of contamination. Such
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breakdown results in the formation of siudge and fluid viscosity
changes which can promote wear and impair system operation., In
the case of oxidation or hydrolysis, organic acids are forrmcd
which can be corrosive to system metals. Such breakdown of
fluids and lubricarnts is considered normal and likely to occu:
in any type of service to various deqree«. The problem of arcs
caused by the make and break of electrical contacts has already
been discussed under dielectric properties, Under high presoare
and high current densities an electric ar. will cause the fonn ..
tion of large particles of carbon and silica. In some cases
these particles bridge the cap between electrical contacts pre-
venting complete interruption of the circuit.

All fluids (hydrocarbons and silicones) tested thus far
under electrical arcing also produce gaseous decomposition
products. The accumulation of gaseous products in a pressure
compensator, under submerged conditions, presents the prolblem
of possible rupture of compensating chamber walls, or flexible
membranas, on surfacing. Since sizable quaritities of gas have
been observed under experimental conditions, a means of safely
bleeding off gases while surfacing will be reguired.

Accurate figures on the rate of gas production under various

arcing conditions are not available,

Oxidation resistance, arc-breakdown resistance, and thermal-

breakdown resistance tests and standards have not been developed
to provide selection criteria for fluids and lubricants,

Fire Resistance

Fire hazards exist in hydraulic systems, air compressor
systems, and fluid-lubricated systems which are located inside
the pressure hull of a submersible: in such cases care must be
taken to eliminate air from the cystem and prevent overheating
to reduce the fire hazard. <Care must always be taken to prevent
fire while draining or filling any system using a combustible
fluid. The low viscosity fluids for deep submersibles arc mor
read:ily ignited than the fluids used on surface ships and con-
ventional submarines; greater precautions must be taken to pre-
vent ignitjon. Petroleum cils and silicone oils are both rela-
tively easily ignited. Fluids with flash pcints below *0C° F
should be treated with extreme care. Suitable published pre.

-caut ions should be obs=rved. The more fire-resistant fluids

and lubricants are among the inert fluids having densities wh:.:-nh
are too high for considsration. ’

1-1C
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Cost and Availabiligx

The small volume and specialized nature of the deep ocean
systems have caused the designers to consider the cost factor
of fluids as secondary. Fluid availability has been the princi-
pal consideration. The petroleum-based fluids are usually
readily available and procurable in drum quentities at a reason-
able cost. The specially purified aeruspace oils are moderately
expensive. If and when fluid cost becomes a problem, the use of
the relatively expensive silicone fluids will have to be limited
to critical application. Speciaily developed new fluids will
be expensive due to high development and testing costs and
because the limited market for deep ocean applications at the
present time will not enccurage large volume production and com-
petition which tend to reduce costs.

This Chapter has attempted to define and dircuss the factors
involved in the use of fluids and lubricants in deep ocean appli-
cetions. At the time of writing, the above selection and defini-
tions of the critical properties are those which appear toc be
the main factors to consider in the selection of a fluid or
lubrica.at for use in a deep ocean application. It is the intent
tc revise this handbock on an annual basis. When it is estab-
lished that a new consideration is needed, it will be added. As

tema prove to be noncritical they will be delated.

1-11
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CHAPTER Il
METHODS FOR ESTABLISHING FLUID PROPERTIES

The methods described in this chapter have all been devel-
oped especially for the conditions of deep ocean applications,
and sea.water and solid contamination anticipated for fluids
and lubricants in deep ocean equipment. These methods are in
various atatss of development, and as yet limits have not been
established for all methods. Ratings in some cases are still
on a comparative basis, Standard methods, such as those
described by the American Society for Testing and Materials
(AST™M), Federal Test Method Standard No. 79la, and the Society
of Automotive Engineers (SAE) Aerospace Recommended Practices
(ARP), are not described in this chapter. Procedures described
in detail by other reports will be referenced when data are
presented in Chapter III. The methods described in this chapter
are tentative and may have published counterparts which would
be preferable. The results of these methods will be compared
with the published methods in the future if any are found to
exist. All methods and data will be reviewed periodically and
replaced or updated in subseguent revisions.
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CORROSiON AND COMPATIBILITY PROCEDURES

Cl. Ambient Pressure Stirred Corrosion Procedure

Scope - This method conducted at atmospheric pressure is intended
tc measure the relative protection provided by fluids and lubri-
cants to metals and alloys nused in deep submergence components
when exposed to contamination by seawater.

Outline of Methcd - A sample of oil in a glass beaker is brought
to a predetemined temperature in an oil bath. Corrosion speci-
mens isolated from each other are mounted on a metal rod which
is then stirred in test oil. Seawater is added to the test oil.
After the desired exposure period, the specimens are cleaned,
dried, weighed, and photographed to measure degree of corrosion.

Apparatus

a. The heating bath, stirring motor and assembly, beaker
and beaker cover are the same as those used in ASTM (Method)

D-665.

b. A 304 stainless steel rod, 9 1/2 inches long and 1/4
inch in diameter, with 4 1/2 inches of 1/4-inch 20 threads in
cne end is substituted for the ASTM D-665 stirrer. Stainless
steel nuts (304) (1/4-inch 20) are used to hold specimens on
the rod.

c. Spacers for specimens shall be made of polytetrafluoro-
ethylene (PTFE). They shall be cut from l/A-inch inside diameter
(1D), 3/8-inch outside diameter (op) tubing and shall be 1/8 inch
thick.

d. Corrosion specimeus shall be 1 x 1 x 0.032 inch with
a 1/4-inch hole in the center. The specimens shall have a
finish (before polishing) conforming to rederal Test Method
Standard No. 791la, Method 5308.4. The specimen shall be of
any alloy or metal used in the deep submergence components.
Those used by NAVSHIPRANDLAB, Annapolis are shown in Figure 1.
A typical specimen rod assembly is shown in Figure 2.

II-2
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NAVAL SHIP RESEARCH AMD DEVELOPMENT LABORATORY

ij STEEL, Stainless, Type 316

} - ALUMINUM 6061, Specification gQ-A-250-11

oy COPPER-NICKEL, 70-30, Specifications
L MIL-C-15726 or MIL-T-00/6420
4

STEEL, QQ-S-698, Grade 1009

o ALUMINUM, QQ-A-250-4b

} COPPER, QQ-C-576a

NICKEL-COPPER, QQ-N-281, Class A, Monel 400
BRONZE, MIL-B-16541A(WEP) (1/16 inch thick)
gf PHOSPHOR-BRONZE, QQ-R-750, Composition A

SILVER BASE BRAZING ALLOY, MIL-B-15395a,
b Grade IV

STEEL, Galvanized, Electrodeposited,
QQ-2.325A, Type II, Class I

§pocification for Items Above

Metal Specimens, 1 x 1 x 0.032 inch with a
1/4-inch hole in center, finish to conform
to that given in Federal Test Method
Standard No. 791a, Method 5308.4

Pigure 1 (C1)
Specimens Used

I1-)
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NAVAL SHIP RESEARCH AND DEVELOPMENT LABORATORY

- Copper ' -
- *16 Stainless Steel 8 -
- Copper-Nickel, (0-20 g -
- Aluminum, QQ-A-250-4b 10 -
- Phosphor, Bronze 11 -

- Galvanized Steel
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Figure 2 (C1)

Steel, 1009

Aluminum, Q0Q-A-25,0-11
Bronze

Monel

Silver Base Brazing Alloy

Typical Specimen Rod Assembly
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Materials

a. Naphtha solvent conforming to ASTM-D-91 method.

b. Preon TF solvent-.trichlorotrifluoroethane obtained from
E. I. du Pont de Nemours and Company.

c. Aluminum oxide polishing compound, 150 grit.
d. Seawater, ASTM D-665. '

e. PTFE tape, 1/2-inch wide, Scotch Brand No. 48 obtained
from Minnesota Mining and Manufacturing Company.

f. Typewriter brush, Federal Specification H-B-00681C.

Preparation of Corrosion Specimens

a. Handle specimens with disposable polyethylene gloves.
b. Flush wit'. naphtha to remove preservatives.

¢. Polish with 150 grit aluminum oxide powder on medicinal !
cotton wads (do not polish plated specimens).

d.  Make polish strokes in one direction.

e. Turn specimen 90° and polish until previous polish
marks are removed.

f. Brush with camel hair brush.

g. Use wash bottle to flush specimens with jet of naphtha
then with Freon TF.

h. Air dry and place in desiccator.
i. Weigh on semimicrobalance; record weight to 0.00001 gram.
Procedure

a. Place 270-ml teat oil in a clean beaker. Heat in an
oil bath to 140° F.

b. Clean the specimen rod with soap and water, then with
distilled water and oven dry at 220° F.

11-5
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c. Wrap the rod with PTPE tape to insulate from specimens.

d. Assemble specimens as shown in Pigires 1 and 2. Use
clean polyethylene gloves to handle specimens and rod. Separate
specimens from each other and end nuts using the PTFE spacers,
Secure with nuts on both ends.

e. Insert the rod assembly in stirring device with speci-
mens in oil and beaker cover in place.

f. Stir for 1 hour.
g. Add 30-ml ASTM D-665 seawater while stirring. Plug
excess holes in the cover with inert material, such as glass

plugs.

h. Inspect the fluid level daily and add distilled water
to make up for losses by evaporation.

i. At the end of the test period remove specimens and
store in naphtha prior to cleaning.

j. Clean the specimens by suzcessive flushes with naphtha
and brushing with a naphtha-wet typewriter brush.

k.- Make & final flush with Freon TF; then place the speci-
mens in a desiccator to condition prior to weighing.

1. Record weight changes and changes in appearance of
specimens by written descriptions apd photographs.

11-6




C2. 20,000 PSIG Pressure-Cycled Compatibility Procedure

Scope - This method is intended to measure the effects of cycled-
pressure on deep submergence fluid compatibility with materials
of construction.

Outline of Method - A high.pressure reaction vessel, filled
with a temperature- and pressure-transfer oil, is brought to a
test temperature of 140 P. A test cell consisting of metallic
or nonmetallic compatibility specimens immersed in the 0il being
studied contained in a PTFE bag is immersed in the transfer oil.
The reaction vessel is closed. The maximum selected test pres.
sure is applied to test assembly via the transfer oil and then
returned to ambient pressure over a 30-minute cycle. The test
temperature and pressure cycling are maintained throughout the
test period (usually 30 days). At the end of the test, speci-
mens and fluid are examined for evidence of physical and chemical
changes and performance properties.

Apparatus

a. Reaction vessel - The reaction vessel shall have 4.inch
ID and 16-inch useful height. It shall have a 3300-ml capacity.
The top shall have fluid inlet and outlet ports and a therro-
couple well.

b. Test cell - The fluid specimens are contained in a
PTFE cylindrical bag (3-inch ID, 8-inch-long) with 304 stainless
steel end closures. (See Figure 1.)

c. Specimen holder - The specimen holder shall be of any
design suitable to hold specimens in fluid with ample space
between specimens and between test cell wall and specimens. It
shall be of 304 stainless steel. A typical holder for metal
specimens is shown in Figure 2.

d. Spacers - The spacers shall be made of either 304
stainless steel or PTFE. They shall be cut from 1/4-inch ID,
3/8-inch OD tubing and shall be 1/8 inch thick.

e. Constant-temperature bath - The constant-temperature bath
shall contain MS 2190-TEP petroleum 0il as the heating medium.
It shall be designed to permit immersion of the reaction vessel
up to the lower rim of the locking nut. The bath shall be capable
of maintaining the vessel and transfer oil at any tomperature
between 100° and 250°:2® F. During pressure cycles, the test oil
temperature varies, for example, at the selected pressure, trans-
fer 0il temperature will vary from the set temperature of 140° F,
as the pressure is released and applied, from 125° to 15%° FP.

11-7
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NAVAL SHIP RESEARCH AND DEVELOPMENT LABORATORY

rigure 1 (C2)
Test Cell

118




MAVAL SHIP RESEARCH AND DEVELOPMENT LABORATORY

Figure 2 (C2)
Typical Metal Specimen Holder
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f. Pressure supply - The pressure shall be supplied by a
high-pressure pump, such as a 30,000 psig Sprague diaphragm pump,
Model S-216-CPR-300. All tubing and fittings shall be high-
pressure 304 or 316 stainless atesl. The pump controls shall be
capable of linearly cycling the pressure in the reaction vessel
from 0-20,000 psig and back to O psi over a 70-minute period, with
a variation of $200 psig. A schematic diagram of the pressure
supply is shown in Pigure 3.

g. Recording potentiometer - A recording potentiometer ) -
capable of recording oil temperatures from 100° to 250°:2® P
shall be used.

h. SE:cil‘ns

(1) Metal specimens shall be of any desp submergence
alloy or metal to be studied. The size shall ba 1l x 1 x 0.032
inch with a 1/4-inch hole in the center. The specimens shall
have a finish (before polishing) conformirg to Federal Test
Method Standard No. 79la, Method 5308.4. The metals used by
NAVSHIPRANDLAB Annapolis are given in Figure 4.

(2) Nommetallic specimens shall be of any deep submer.
gence elastamer, plastic, or insulating material contacting
fluids cf interest. Wwhere possible, specimens shall be pre-
pared in a Type C dumbbell shape as in AST™ D-412.66.

Materials
a. Naphtha solvent, conforming to ASTM D-91 msthod.

b. Preon TP solvent, trichlorotrifluoroethane, B, I.
du Pont de Nemours and Company.

¢. Aluminum oxide polishing compound, 150 grit.
d. Seawater, ASTM D-665.

e. PTFE tape, 1/2-inch.wide, Scotch Brand No. 48,
Minnesota Mining and Manufacturing Ccpany.

f. Typewriter brush, Federal Specification H-B-0Q681C.

g. Temperature and pressure transfer oil - MIL-L-17331,
MS 2190-TEP.

11-10
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NAVAL SHIP RESEARCH AMD DEVELOPMENT LABORATORY

] A - Air Driven Pump (rated 30,000 psig) H' - Check-valve (10 psig working
; D - Pump reservoir (capacity 3 ga)lons) pressure)
C - Pupture Assembly (set 22,500 psig 1 - Solenoid valve (110 vac)
D - Pressure gage {25,000 psig) J - Bleed-Down Sump (1 quart)
E - Air Operated, Flow Control Valve X - Support Stand (30 x 36 x
{50,000 psig) 40 inches)
P - Pneumatic loadicating Controller L - Heated Oil Bath (20 qallons,
(100 peiqg) 140* ¥, 2190-TEP)
G - Nicroset Mand Valve M - Reaction Vesssl (3300-ml,
H - Check.valve (80 peig working rated 30,000 psig at 125° r)
preasure) N - Thermocouple

All high-pressure tubing . 1/4-inch OD, 1/16. or 3/32.inch 1D, rated
60,000 peig.
All valves, tees, elbows - rated 30,000psig ( superpressure).

Auxiliary Equipment (Mot Shown) i

High.Speed Bath Stirrer
Ismersion heaters (1500 watts)
Bath Temperature Control
Recording potentiometer

Air Operated Cycling Device
Ble~tric Timer 1
Air Pilters, Requlators, etc
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Figure 3 (C2) - Cycling unit
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NAVAL SHIP RESEARCH AND DEVELOPMENT LABORATORY

STEEL, Stainless, Type 316
ALUMINUM 6061, Specification QQ-A-250-11

COPPER-NICKEL, 70-30, Specifications
MIL-C-15726 or MIL.-T-00/6420

STEEL, QQ-S-698, Grade 1009

ALUMINUM, QQ-A-750-ib

COPPER, QQ-C-576a

NICKEL-COPPER, QQ-N-281, Cclass A, Monel U400

BRONZE, MIL-B-16541A(WEP) (1/16 inch thick)

PHOSPHOR-BRONZE, QQ-B-750, Composition A

SILVER BASE BRAZING ALLOY, MIL-B-15395A,
Grade IV

STEEL, Galvanized, Electrocdeposited,
QQ-2-325A, Type 11, Class I

Specifications for Items Above

Metal Specimens, 1 x 1 x 0.032 inch with a
1/4.inch hole in center, finish to conform
to that given in Federal Test Method
Standard No. 791a, Method 5308.4

Figure 4 (c2)
Metal Specimens Used
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Preparation of Sample Container and Specimen Holder

a. The PITE bag, end pieces,.and specimen holder shall be
successively washed with AS™ D-91 naphtha, scap and water, and
distilled water; then oven dried at 140° P.

Preparation of Specimens

a. Metallic specimons shall be tleaned, polished, and
weighed as in the "Ambient Pressure Stirred Corrosion Procedure,’
Method Cl.

b. Nommetallic specimers shall be prepared, cleaned, and
volume measured as in ASTM D-471-66.

¢. ‘‘he specimens shall be attached to the specimen holder
80 as to provide space between the individual specimens and also
between the specimens and the wall of test cell so that all
parts of specimen are flooded by test fluid. Where insulated
metallic specimens are used, the order of assembly shall be as
given in Method Cl. When metallic couples also are to be
studied, the order of assembly shall be as shown in Method C4
("20,000 BBIG Stirred Corrosion Procedure"), except that the
insulated specimens shall be placed on the specimen holder
above the coupled specimens.

Procedure

a. Bring reaction vessel and transfer of oil to test
temperature,

b. Assembly of test cell.

(1) The PTFE bag is fitted into the bottom and top
closures.

(2) The specimen assembly is inserted into the bag
through a remcvable part of top closure placed on the bag.

(3) The cell is filled with 825 ml of test fluid
through the top port, taking care to purge out the air. The top
port is closed.

(4) Get the total weight of the test cell. The test
cell is again weighed after the test period. The weights are
obtained to determine whether the test cell leaked during the
test.

11.13




c. Place the test assembly in the reaction vessel in
transfer oil.

d. If sea.water contaminant is to be used, allow the test
cell to remain in the reaction vessel for 1 hour. Then remove
the test cell from the reaction vessel and add seawater through
the top port. Close the top port and return the test cell to
the reaction vessel.

e. Close the reaction vessel, placing the thermocouple end
at the top of the test cell.

f. Add sufficient additional transfer oil to finish filling
the reaction vessel and purging out the air. Close the reaction
vessel.

g. Begin pressure cycling and maintain pressure cycling
and test temperature for the test period.

h. At the end of the test period remove the teat cell.
i. Separate the specimens and the test oil.

j. Measure the properties of the test oil to detect changes
(viscosity, acid content, density, metal content, etc).

k. Measure changes in the specimens.
(1) Clean and weigh the metal specimens as in Method Cl.

(2) Determine volume, hardness, tensile strenyth, and
elongation changes in the nommetallic specimens as in ASTM D-A71.

66.
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C3. 20,000 PSIG Static Compatibility Procedure

Scope - This method is intended to measure the effects of pres-
sure on deep submergence fluid-material compatibility.

Outline of Methwod - A high.pressure reacticn vessel, filled with
a temperature-pressure transfer oil, is brought to a test temp-
erature of 140° F. A test cell, consisting of metallic or non-
metallic compatibility specimens immersed in the oil being
studied contained in a PTFE bag, is immersed in the transfer oil.
The reaction vessel is closed, and the test pressure, 20,000 psig
maximum, is applied to the contents of the reaction vessel.
Temperature and pressure are maintained constant throughout the
test period. At the end of the test the specimens and the

fluid are examined for evidence of physical and chemical changes
and performance properties.

Aggaratus

a. Reaction vessel - The reaction vessel shall have a
3 1/2-inch ID and a 12-inch useful height. It shall have approx-
imately a 2000.ml capacity. The top shall have fluid inlet and
outlet ports and a thermocouple well.

b. Test cell - The fluid and specimens are contained in a
PTFE cylindrical bag with 304 stainless steel end c;osures as
shown in Figure 1. PR

c. Specimen holder - The specimen holder shall be of any
design xuitable to hold specimens in the fluid with ample space
batween specimens and between the test cell wall and specimens.
It shall be or 304 stainless steel. A typical holder for metal
specimens is shown in Pigure 2.

d. Spacers - Spacers shall be made of either 304 stain-
less steel or PTFE. They shall be cut from 1/4-inch ID, 3/8.-
inch OD tubing and shall be 1/8-inch-thick.

e. Constant-temperature bath - The constant-.temperature

bath shall contain MS 2190-TEP petroleum oil as heating medium.
It shall be designed to permit immersion of the reaction vessel
up to the lower rim of the locking nut. The bath shall be
capable of maintaining the vessel and tranfer oil at any temp-
erature between 100° and 250°%2° F.




-NAVAL SHIP RESEARCH AND DEVELOPMENT LABORATORY

Figure 1 (C3)
Test Cell




NAVAL SHIP RESEARCH AND DEVELOPMENT LABORATORY
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Pigure 2 (C3)
Specimen Holder
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f. Pressure supply - The pressure shall be supplied by a
high-pressure pump, such as a 30,000 psig Sprague diaphragm pump,
Mwodel 8-216-CPR-300. All tubing and fittings shall be high-
pressure 304 or 316 stainless steel. The pump shall be capable
of maintaining the test oil at 0.20,000¢25 psig. A schematic of
the system is shown in Pigure 3.

g. Recording potentiometer - A recording potentiometer
capable of recording oil temperatures from 100°-250°:2° P shall
be used.

h. SEaci-.nl

(1) Metallic specimens shall be of any deep submer-
gence alloy or metal to be studied. The size shall be 1 x 1 x
0.032 inch with a 1/4.inch hole in the center. The specimens
shall have a finish (before polishing) conforming to Pederal
Test Method Standard No. 79la, Method 5308.4. The metals used
by MAVSHIPRANDLAB, Annapolis are given in Figure 4.

(2) The nommetallic specimens shall be of any deep
submergence elastomer, plastic, or insulating material contacting
fluids. Where possible, specimens shall be prepared in a Type C
dumbbell shape as in AST™ D-412.56.

Materials
a. BNaphtha solvent, conforming to ASTM D-91.

b, Freon TP solvent, trichlorotrifluorocethane, E, I. du
Pont de Nemours and Company.

c. Aluminum oxide polishing compound, 150 grit.
d. Seawater, ASTM D-665.

e. PTPE tape, 1/2-inch.wide, Scotch Brand No. 48,
Minnesota Mining and Manufacturing Company.

f. Typewriter brush, Federal Specification H-B-00G581cC.

g. Temperature and pressure transfer oil MIL-L-17331,
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BAVAL SHIP RESEARCH AND DEVELOPMENT LABORATORY

A - Air Driven Pump (rated 30,000 peig) G - Support Stand (30 x 36 x

B - Pump Reservoir (capacity 3 gallons) 40 inches)
C - Pressure Genarstor (30,000 peig) H - Heated Oil Bath (20 gallons,
11 cc) 140° F, 2190-TEP)
D - Pressure Gage (25,000 peig) I - Reaction Vessel (2000-ml,
E - Rupture Assembly Set {22,000 peig) rated 30,000 psig at 125° F)
? - Pluid Separator (325 cc, 30,000 J - Thermocouple
psig at 72° r)

All tubing - 1/B.inch OD, 1/16- or 3/32-inch 1D, rated 60,000 psig.
All valves, tees, elbows - rated 30,000 psiy.
All connections use superpressure fittings.

Auxiliary Equipment (Mot Shown)

High-Speed Bath Stirrer

Ismersion Heaters (1500 watts maximum)

Bath Temperature Control

Recording Potentiometer

Air Lines, Pilters, Pressure Regulators, etc

—cem————d ol
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rigure 3 (C3) - 20,000 PSIG Static Test Unit
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FAVAL SHIP RESEARCE AMD DEVELOPMENT LABORATORY

STREL, Stainless, Type 316
ALUMINUR 6061, Specificaticn QQ-A-250.-11

COPPER-NICKEL, TO0-30, Specifications
MIL-C-15726 or MIL-T-00/6420

STEEL, 00-8-698, Grade 1009

ALUMINM, QQ-A-250-4b

COPFER, QQ-C-576a

NICKBL-COPPER, QQ-N-281, Class A, Monel 400
BRONZE, MIL-B-16541A(WEP) (1/16 inch thick)
PEOSPHOR-BRONZE, QQ-B-790, Compesition A

SILVER BASE BRAZING ALLOY, MIL-B-15%9)6A,
Grade 1V

STEEL, Galvanized, Blectrodeposited,
QQ-2-325A, Type II, Class I

ggciﬁcations for Items Above

Metal Specimens, 1 x 1 x 0.032 inch with a

1/8-inch hole in center, finish to confomm|

to that given in Federal Test Method
Standard No. 79la, Method 5308.4

Pigure 4 (C3)
Metal Specimens Used
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Preparation of Sample Container and Specimen Holder

a. The PITE bag, end pieces, and specimen holder shall be
washed with AS™ D-91 naphtha, soap and water, distilled water,
and oven-dried at 140° r.

Preparation of Specimens

a. Metallic specimens shall be cleaned, polished, and
weighed as in "Ambient Pressure Stirred Corrosior Procedure,'
Method Cl.

b. HNomnmetallic specimens shall be prepared, cieaned, and
volume measured as in AST™M Method D-471.66.

c. The specimens shall be attached to the specimen holder
80 as to provide space between specimens, and between the speci-
mens and the wall of the test cell so that all parts of the
specimen are flooded with the fluid. Where insulated metallic
specimens are used, the order of assembly shall be as given in
Method Cl. Wwhen matallic couples also are to be studied the
order of assembly shall be as shown in the "20,000 Stirred
Corrosion Procedure,” Method CU, except that the insulated speci-
mens shall be placed on the specimen holder above the coupled
specimens.

Procedure

a. Bring reaction vessel and transfer oil to test tempera-
ture,

b. Assembly of test cell.
(1) Pit PTFE bag into the boctto.: and top closures.

(2) 1Insert the specimen assembly into the bag through
removable part of the top closure placed on the bag.

(3) Pill the cell with 825 ml of test fluid through
the top port, taking care to purge out the air. Close the top

wn.

(4) Determine the total weight of the test cell. This
iz done to determine if the cell leaks during test. The test
cell weight is again measured after the test period.

11-21
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c. Place the test assembly in the reaction vessel in
transrer oil,

d. If sea-water contaminant is to be used, allow the test
cell to remair in the reaction vessel for 1 hour. Then remove
the test cell fram the rea~tion vessel and add seawater through
the top port., Close the top port and return the test cell to
the reaction vessel.

e. Close the reaction vessel, placing the thermocouple end
at the top of the test cell,

£f. A4 sufficient additional transfer oil to fi.l the
reaction vessel and purge out the air and close the vessel.

g. Bring the system to test pressure, Maintain constant
pressure and temperature throughout the test.

h. At the end of the test period remove the test cell from
the reaction vessel and zaparate the specimens and the test

fluid.

i. Measure the properties of the test fluid to detect
changes (viscosity, acid content, density, metal content, etc).

j. Measure changes in the specimens.

(1) cClean, weigh, and photograph the specimens as in
Method C2 (20,000 PSIG Pressure-Cycled Compatibility Procedure').

(2) Determine the volume, hardness, tensile strength,
and elongation changes in the nonmetallic specimens as in

ASTM D-471-66.
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ch. 20,000 P81G, Stirred Corrosion Procedure

Scope - This method is intended to measure the relative protec-
tion provided to metals and alloys used in deep submergence
equipment upon contamination with seawater at high ambient
pressures.

Outline of Method - A sample of test o0il is brought to a pre.
determined temperature in a high-pressure reaction vessel. A
weighed metal specimen assembly is immersed in the oil, and the
stirrer blade and vessel cover are fitted onto the vessel.
After stirring for a l-hour conditioning period, the desired

amount of sea-water contaminant is added to the 0il. The desired

test pressure is applied to the vessel contents, The test temp-
erature, pressure, and stirring are maintained for a predeter-
mined reaction period (usually 30 days). The specimer. assembly
is rencved from the vessel. The specimens are cleaned, weighed,
and photographed.

Agggratus

a. Reaction vessel . The reaction vessel shall have a
3 5/8-inch ID and a 13-inch useful height. It shall have a
2100-ml capacity and be made of, or completely lined with, a
corrosion resistant alloy, such as Hastelloy C. The stirrer
shall have a speed of 1000+50 rpm. The vessel cover shall have
fluid inlet and outlet ports, thermocouple well, and blowout disk
assembly.

b. Specimen holder - The specimen holder shall be of 304
stainless steel and of a confiquraticn sc that up to 50 speci-
mens are hald between stirrer and wall. Pigure 1 shows a
typical holder and specimen array.

c. Constant-temperature bath - The constant-temperature
bath shall contair MS 21Q0-TEP petroleum: cil as a heating medium.
It shall be designed to permit the immersion of the reaction
vessel up to the lower rim of the locking nut. The bath shall
be capable of maintaining the test o0il at any temperature
between 100°-250°:2° F.

d. Pressure supply - The pressure shall be supp’ied by a
high-pressure pump, such as a 30,000 psig Sprague diaphragm pump,
Model S-216-CPR-300. All tubing and fittings shall be high-
pressure 304 or 316 stainless steel. The pump shall be capable
of maintaining test oil at 0-20,0001+25 psig. A diagram of the
system is shown 1in Figure 2.
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NAVAL SHIP RESEARCH AND DEVELOPMENT LABORATURY

{ct
Spec:men Holder and Specimens

e

Figure 1
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NAVAL SHIP RESEARCH AND DEVELOPMENT LABORMATORY

A - Air Driven Pump /[rated 30,000 psiy) i - Hem:sd Uil Bath (20 yalluns, 140° F,
{ B - Pump Rewervoir (capacity 3 gallons) 2190 .TEP)
C - Pressure Generator (30,000 paig, .11 cc) 1 - Reactiun Vessel (:'100-ml,
D - Pressure Gtge {29,000 paig) ratad 40,000 puig at 104,° F)
E - Rupture Asssmbly Set (22,000 paig) J « Themucouple
U P - Pluid Separutor {325 cc, 30,000 psigat K . Marine Prupeller
- Permanent jaynetic Drive

12* r) L
G - Support Stand (30 x 36 x 40 inches)

All tubing . 1/4.irch OD, 1/16. or 3/32.inch 1D, rates €GO,000 priy.
All valves, tees, elbows . rated 30.000 pesiy,
All connections use superprossure fittings.

ey
[—

2

Auxiliary Equipment (Not Shuwnl

High.8paed Bath Btirrer
Immersion Heaters {1500 watis maximum)
Bath Temperature Control
Recording Potentiometer i
Air Lines, Pilters, Pressure Regulators, etc

,
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Figure 2 (Cll) - Stirred Reaction Veesel for 20,000 PSIG




.. Iooo:dta_'[ountimtc: - A recording potsntiomster

sapadle of recording oll temperaturss of 100°.250°t2° P shall
be used

f. Corrosion specimens - The corrosion specimens shali be
1x1x0.0% Inch wgtg a 1/8-inch hole in the center. The
specimen shall have a finish (before polishing) conforming to
Yede:i:l Test Method Standard No. 79la, Method 5208.4. The speci-
aens shall be of any deep submergence alloy or metal to be
studied. Those used by NAVSHIPRAMDLAB Annapolis are :shown
helow, ,

(1) STEEL, Stainless, Type 316.

(2) ALUMINUM 6061, Specification QQ-A-250-11

(3) COPPER-NICKEL, 70-30, MIL.C-15726 or MIL-T-00/6420.
(4) STEEL, Q0-S-698, Grade 1009.

(5) ALUMINUM, QQ-A-250-4b.

(6) COPPER, QQ-C-576a.

(T) NICKEL-COPPER, QQ-N-281, Class A, Monel 400.

(8) BRONZE, MIL-B-16541A(WEP) (1/16-inch-thick).

(9) PHOSPHOR-BRONZE, QQ-B-750, Composition.

(10) SILVER BASE BRAZING ALLOY, MIL-B-15%Q5A, Grade IV.

(11) STEEL, Galvanized, Electrodeposited, QQ-Z-325A,
Type II, Class I.

A typical order of assembly of electrically coupled and insula-
ted specimens ic shown in Figure 3.

g. Spacers - Spacers for specimens shall be made of 304
stainless steel and of PTFE. They shall be cut from 1/4-inch
ID, 3/8-inch OD tubing and shall be 1/8-inch-thick.

s
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NAVAL SH1P RESEARCH AND DEVELOPMENT LAGKATORY

1/4" 20 $/5 ALL THREAD ROD $/5

-

/5 HEX HEAD NUT
PTFE WASHERS

100000000000000000

00000nnonoponononn;

$/5 WASHERS
! -A- L | Y
WM UMINUM % A,};‘,’,’“;-— 3 corer ) \
MONEL COPPER-NICKEL 70-30 )
316 STAINLESS STEEL Np HOS}FEOOR o | (1) ) INSULATED
SAVER BASE BRAZING ALLOY - COUPLED
ALUMINUM QQ-A-250/11 L
ALUMINUM GG-A-250/4b <
COPPER STEEL 1009
COPPER-NICKEL 70-30 316 STAINLESS STEEL ,
PHOSPHOR-BRONZE LUMINUMQQ-A2504b  (2) $ 00)
STEEL 1009 GAIVANIZED STEEL __ ) NSULATED COUPLED
— "ALUMINUMGG-A-250/11
S TR — MONEL
SAVER BASE BRAZING M
ALLOY —
= =

(1) 304 STAINLESS STEEL WASHERS USED FOR COUPLING COUPONS
(2) POLYTETRAFLUOROETHYLENE WASHERS USED FOR INSULATION
(3) SPECIMENS IN SAME ORDER AS OTHER ROD

Figure 3 (C4) - Specimen Assembly for Stirred Corrosion Test
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Materials

Mat

a. Naphtha solvent - conforming to AST™ D-91l.

b. Freon TF solvent -~ trichlorotrifluoroethane, E, I. du
Pont de Nemours and Company.

c. Aluminum oxide polishing compound, 150 grit.
d. Seawater ASTM D-665.

e. PTFE tape, l/2-inch.wide, Scotch Brand No. 48,
Minnesota Mining and Manufacturing Company.

f. Typewriter brush, Federal Specification H-B-00681C.

Preparation of Apparatus

a. Piping and connections shall be drained free of oil.

b. The internal surfaces of the reaction vessel shall be
wiped clean with lint free rags.

c. The vessel shall be filled with test o0il and stirred
for 1 hour, then drained free of oil.

d. Repeat a., b.,, and ¢, two additional times.
e. Drain and fill with test oil.

Preparation of Corrosion Specimens

a. Handle specimens with disposable polyethylene gloves.
b. Flush with naphtha to remove preservatives.

¢. Polish with 150 grit aluminum oxide powder on medicinal
cotton wads (do not polish plated specimens).

d. Make polishing strokes in one direction.

e. Turn specimen 90° and polish until previous polishing
rarks are removed.

f. Brush with camel hair brush.

£

g. Use wash bottle to flush svecimen with jet of naphtha,
then a jet of Freon TF.
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h. Air dry and placs in desiccator.

i. Weigh on semimicrobalance, record weight to 0.00001
gram.

!ﬁiggyution otv%gpcinon Holder and Spacers - Specimen holder
and spacers shall be cleaned with naphtha, soap and water,
distilled water and then oven-dried at 14Q° F.

Procesdure -

a. Assembly of specimens - Handle the specimens and zpeci-
men rack with polyethylene gloves. Wrap the 1/4-inch specimen
rack and rods with PTPE tape to insulate from the specimens.
Place the specimens on rods in desired order, Use two PTFE
spacers to prevent electrolytic contact between the specimens,
or use two stainless steel spacers to form electrolytic couples
between the specimens. Order of assembly is shown in Figure 3.

b. Add the test oil to the reaction vessel. (The reaction
vessel remains in constant temperature bath at all times.) After
the test oil is at desired temperature, soak the specimen assembly
in the reaction vessel for 1 hour and securely close the reaction
vessel.

¢. Attach the specimen assembly to the cover., Add the
desired amount of seawater. Lower the cover into the vessel.

d. Bleed off the air from the reaction vessel by pumping
in excess oil.

e. Close the valves, pressurize the system, and start the
stirrer.

f. The stirrer may be operated continuously or intermit-
tently, as desired.

g. At the end of the test period the pressure is released
and the specimen assembly is removed. The specimens are stored
in naphtha prior to cleaning.

h. The specimens are cleaned by succesgive flushes with
naphtha and brushing with a naphtha-.wet typewriter brush.
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i. A final flush with Preon TF is made, then the specimens
are placed in a desiccator and weighed to obtain the gain or
loss due to corrosion.

j. Record of changes in the weight and the appearance of
specimen is made by written notes and photographs.
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= 7hie method is intended to-establish the ability of a
%0 prevent corrosion when contuminated with seawater under
conditions of intaxmittent agitation.

Outline of ‘gm and Apperatus - The ASTM D-665 method and
apparatus ezcept as described below. An ASTM D-665,
double-biade stirrer, paragraph 9b, is used. The specimen is
polished and attached to the holder using a 1/16-inch-thick,
1/8-inch.dianeter PTFE gasket between specimen shoulder and
holder. After the 30-ainute soaking period, 150 ml of the
300.n1 fiuid sample is removed and 150 ml of seawster is added.
The seawater is added dropwise from a burette while stirring.
The burette top is just above the surface of the fluid. The
seswataz shall be added within 30 minutes, The cil and water
sample is stirred for 15 minutes, once every 24 hours. After
the first 24 hours the specimen is observed for rusting and the
fluid.vater emulsion examined for stability; it is then examined
twice weekly during the test period. Distilled water is added
at these times to make up for water lost by evaporation. The
test period is 30 days. Quadruplicate determinations will be
sade. A fluid is considered to have satisfactory rust protection
if three out of four specimens show no rust and no more than
light rust is observed on the fourth specimen after 30 days.




ELECTRICAL PROPERTY MEASUREMENT PROCEDURES

Methods of determining dielectric properties of fluids at
temperatures as low as 28° F and pressures up to 20,000 psig,
particularly as they are affected by seawater and carbon con-
taminaticn, have not bzen fully developed. The following test
methods, El through E7, are performed at room temperature and
atmospheric pressure and are expected to give a good first
approximation of the properties being measured. As these methods
are improved and high pressure methods are developed they will be
added.

I1-22




o 2 =

J

)

Bl. looiltivitx

- This method is intended to measure the insulating char-
acteristics of a fluid. It determines the value of resistivity
of a fluid.

Outline of Method and Apparatus - AST™™ Method D1169 is used
except as noted below. The fluid sample 15 placed in a test

osll and resistivity measured with a General Radio Type 1644A
meogolm bridge or equivalent. The test cell may be any one of
three cells described in Pigure 2, 3, or 4 of the appendix to
AS™ D1169 (8pecific Resistance of Blectrical Insulating Liquids).
The temperature of the fluid is held between £5°.85° P and
preferably 77:2° F. Resistivity is recorded as ohm-cm at °F.

A tentative standard of acceptable resistivity for dielectric
fluids has been set at .0 x 10! ohm-cm. minimum.
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E2. Dissipation Factor

Sco - This method is intended as a measure which will be
useful in predicting decreases in the efficiency of fluid
immersed electrical equipment due to electrical energy losses
through a2 fiuid in an electric field in a nonsinusoidal a-c
syste... Specifically, the method measures the loss angle of a
fluid filled cell on a capacitance bridge.

Outline of Method and Apparatus . The fluid sample is placed in
a test cell of the type referred to under Test Met“od El,
"Resistivity". Dissipation factor is measured with a General
Radio Type 1615 or 1617 capacitance bridge or the equivalent of
either or these. The temperature of the fluid is held between
65°-85° F and preferably T7:2° F. Dissipation factor is
recorded as percent at °F. A tentative standard of acceptable
dissipation factor for dielectric fluids has been set at 5.0%,
maximum,
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BR). Dielectric Breakdown Voltage

8co - This method is intended to measure the ability of a

luid to withstand elecirical stress. It determines the voltage
at which breakdown occurs between two electrodes under prescribed
conditions.

Outline of Method and Apparatus - ASTM D877 is used, with the
following exceptions:

a. The electrode spacing is 0.050*0.001 inch.
b. Voltage rise rate is 600 volts per second +20%.

¢. Five sepurate readings are taken on the same sample,
with a 3.minute wait between readings. The result is reported
as the average of the five readings, in kilovolts.

d. The temperature of the fluid sample should be between
65°-85° F and preferably 77:2° F. The temperature of the fluid
is recorded. A convenient single package instrument for this
test is a Model 4507 "0Oil Testing Hypot" manufactured by
Asscciated Research, Incorporated, Chicago, Illinois. A tenta-
tive standard of acceptable dielectric breakdown voltage for
dielactric fluids has been set at 15.0 kv, minimum, at a 0.05-
inch electrode gap.
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E4. Stability of Seawater - Fluid Zmulsions

Scope - This method describes a procedure for determmining the
stability of water dispersed in a pressure.compensating fluid in

order to estimate fluid utility for electrical equipment service.

Outline of Method - Oil (100 ml) and synthetic seawater (10 ml)
are stirred for 15 minutes and transferrved to a 10C-ml graduate
cylinder. The time required for separation of synthetic sea-
water from the compersating fluid is reccrdead.

AEEEratus
a. Beaker, 250 ml.

b, Mechanical stirrer as described in ASTM D1./3J or
equivalent,

c. Buret, 25 nl,

d. Cylinder, graduated, 100 ml in 1-ml increments.

e. Volt.ohmmeter capable of measuring 1 megohm and less.
Procedure

a.> Measure 100 ml 5f the test fluid into a 250-ml beaker.

b. Add 10 ml of synthetic seawater (SSW), prepared accord-
ing to ASTM D665 (IP 135), drcpwise, with stirring.

c. Stir the mixture vigorously with a mechanical stirrer,
for 1% minutes.

d., Stop the mixing and (vansfer the mixture immediately
to a 100-ml graduatad {gyiass) cylinder. This latter step siculd
require about 10-20 seconds. (At this point the mixture may
have completely separated into two layers, or it may be a milky
emuleion.)

e. The time require Ior separation of a small gquantity
(1/2 m1 or lesa) of SSW is now measured as folilows: Two bare
1/1€-inch-diameter copper wires, connected to a volt.chmmeter,
are inserted into the graduated cylinder, tuuching the bottom
of the cylinder. The wires are kept 1/L tc 12 inch apart.
Separation of SSW is indicated when resistance acrcss the w:i.res
drop to less than 0.1 megohm.
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f. Stability ¢f the emulsion is recorded as the tine
required for the separatiorn of synthetic seawater, as described
in e, The fluid is classified according to time required for
separation. A tentative standard is as follows:

Time Required for

Classification Water Separation
A. Suitable for use with 5 minutes or more
motors
B. Questionable for use 1.5 minutes
with motors
C. Unsuitable for use with <1 minute
motors
D. Suitable for contactors, No emulsion stability
| switches, etc requirement ]




E5. <(hanges in Dielectric Properties Kesulting tiom Sea-Wated
contamination

Scope -~ This method describes the preparation o samples to
detemine the effect of sea-water contamiuat ion On the clect
properties of fluids as determined by Methods B, EZ2, and 5.
out line ot Method < The methods descuvib.cd o el, G, and v
used to measure the changes in dielectiic propeiLics oo

by contamination with SSW., The effects ot three concentrations,

0.1%, 0.54, anc 2.0%, are measured.

Procedure

e o

a. 0.1% SSW - To 400 ml of the test fluid, 0.4 ml of Ssw
is added dropwise, with stirring. The mixture is stirred vigor-
ously with a mechanical stirrer (ASTM D1479) for 1% minutes,
then it is allowed to stand for 5 minutes. The required sample
is carefully poured (to avoid pouring out any settled water)
into the appropriate test cell. Resistivity and dissipation
factor are measured per Test Methods El and E2. The sample ig
then recombined with the remaining porticn and the mixture is
stirred vigorously for 5 minutes more. A 100-ml sample is
removed, and dielectric breakdown voltage is measured per Test
Procedure E3. The 100-ml sample is then discarded.

b. 0.5% SSW - The procedure of a. is repeated, except add
1.2 ml of SSW to the 300 ml of ligquid remaining from a.

c. 2.0% SSW - The procedure of a. is repeated, except add
%.0 ml of SSW to the 200 ml of liquid remaining from a.

Results are reported as resistivity, dissipation factor,

and dielectric breakdown voltage at the three levels of SSw
contamination.
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Ef. Changes in Dielectric Properties Resulting from Carbon
contamination

ey

Scope - This method describes the preparation of samples to
determine the effect of fluid contaminaticn by finely divided
carbon on the electrical properties as detemined by Methods El,
E2, and E3.

Outline of Method - The methods described in El, E2, and EJ are
used to measure the changes in dielectric properties brought
about by contamination by finely divided carbon which simulates
brush wear or fluid degradation. The effects of three concen-
trations, 0.1%, 0.25%, and 0.50%, are measured.

Procedure

a. 0.1% carbon - To 250 ml of test fluid is added 0.025
gram of "Eagle" brand lamp black, manufactured by Columbian
Carbon Company, New York, New York. while stirring (ASTM D1479
stir er)., After all the lampblack has been wetted by the fluid,
stirring is continued vigorously for 15 minutes. Resistivity,
dissipation factor, and dielectric breakdown voltage are measured
on the test mixture. The sample used for the dielectric
measurements (approximately 100 ml) is recombined with the
remaining material prior to Step b.

b. 0.25% carbon - To the 250-ml mixture of Step a.,
0.0375-gram additional lampblack is added, with stirring, and
stirring is continued for 15 minutes. The procedure of Step a.
is then repeated.

c. 0.50% carbon - Additional lampblack (0.0625-gram) is
aaded and Step b. repeated.

Results are reported as resistivity, dissipation factor,
and dielectric breakdown voltage at the three levels of carbon
contamination.
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E7f. Effects of Electrical Arcing on Fluids

Scope - Th's method determines the ability of a fluid to with-
stand the effects of electric arc discharge.

Outline of Method - The fluid is subjected to a series of arcs
at a specified rate, and the electrical properties are measured
by Methods El1, E2, and E) to determine fluid property changes,

Apparatus - In addition to the apparatus required for Methods
E1-E3, the following are required:

a. Guardian Manufacturing Company Type 2110V double-pole/
single-throw, normally open (D.P.S.T., N.0.) relay with silver
cadmium contacts,

b. Millipore membrane filter, diameter 47 .mm pore size
0.8-micrometer or equivalent , as described in S: E Aerospace
Recommended Practice, ARP 785.

c. Power supply, 90-volt open circuit, lO0-ampere closed
circuit,

d. Counter capable of recording 50,000 operations.
Procedure

a. The testing is carried out with a Guardian Manufacturing
Company Type 2110V D,P.S.T., N.O. relay having silver-cadmium
contacts. The cuter covering of the coil and the adhesive
material are first removed and the coil recoated with RTV sili..
cone rubber, to minimize interaction with the test fluid.

b. The cleaned relay is immersed in 400 il of the test
fluid at the desirec test temperature. The fluid is subjected
to 50,000 arcs (1 arc = 1 make + 1 break of the contacts) under
a primarily resistive load with an open-circuit voltage of
90 volts and a closed-circuit current cf 10 amperes. The rate
of arcing is 5 to 10 arcs per minute. If the contacts fail, as
indicated by arcing when closed, before 50,000 operations, they
must be replaced.

c. The following are measured and reported as indicated:

(1) Resistivity, dissipation factor, and dielectric
breakdown voltage (see Test Methods E1-E3) initially and after
50,000 arcs.
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(?) The amoun. cf solid products generated is measurcd
grav.metrically by the method described in SAE Aerospace Rocom-
mended Practice, ARP 789. The weight is reported in milligyrams
in total sample.

(3) The measurements of (1) are repeated on the
filtered fluid. '

NOTE: This test is to be revised when more experience is gainec
at highcr current values.
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ES. Life of contacts in the Fluid under Pressure

Scope - This method determines the effect of fluid immersion on
relay contacts subjected to high pressure.

OQutline of Method - A relay is operated immersed in tluid under
6000 psi pressure to the point of failure of the electrical
contacts.

Apparatus - In addition to the apparatus required for Methcd EY,
the following will be required:

a. Cylindrical PTFE or polyethylene container capable of
containing relay immersed in fluid.

b. Pressure vessel to pressurize fluid and relay to 6000
psi with electrical connections for relay operation under
pressure.

c¢. Counter to record number of cycles to failure.

d. Power supply capable of 50 volts open circuit,
10 amperes closed circuit.

Procedure

a. The tzst device used is the same as that described
under Method Ef, a. The relay is mounted inside a test cell
having a cylindrical thin PTFE or polyethylene wall. The volume
of fluid used is not critical.

b. The test cell is pressurized to 6000 psi. Arcing is
then carried out a rate of I[ive to ten operations (makes and
breaks) per minute, to the failure point. A primarily resistive
load is used, with an open-circuit voltage of 50 volts and a
closed-circuit current of 10 amperes. Failure normally occurs
by a buildup of solid products between contact surfaces, pre-
venting circuit interruption when contacts are in the open
position.

c. Since contact life varies randomly over a wide range a
minimum of ten tests is desirable and the spread as well as the

average value are to be reported.

NOTE: This test is to be revised when more experience is gained
at higher currents and higher pressures.
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CHAETER 111
FLUID AND LUBRICANT PROPERTY VALUES, APPLICATIONS AND LIMITRTIONS

This chapter provides available physical and chemical prop-
erties of fluids, suggested applications, and possible )imita-
tions ot fluids for «deep submergence vehicles. Where known, the
estimated fluid cost is given. The tables have been prepared to
provide for the addition of properties, when available, and of
other fluids as they become known and applications warrant.

The possible limitations are given as a warning so that
particular attention will be focused on any fluid property weak-
ness. There limitations are based on general use of the fluid
for all types of applications in a deep ocean environment,

Careful design and selection of system components may per-
mit the use of a fluid or lubricant which would be unacceptable
by the usual standards. This handbook does not consider the
excep:ions, but rather states the limitations as a warning. If
a designer is compelled by circumstances to create an excep-
tion, these warnings should show where the design effort must
be directed.

Tentative guidelines for suggested fluid uses and possible
fluid limitations have peen developed. They are based on the
combination of application reguirements, equipment develop-
ments, laboratory mcasurements of fluid properties, and field
experience.

In systems with moving parts, the fluid depth capability
is that at which pressure or temperature effects cause the vis-
cosity to exceed 100 centistokee.

Fluid lubricating-ability criteria are based on: (1) wear-
test and rolling-contact/fatigue-test performance, (2) known
viscometric characteristics, and (3) known performance in opera-
ting equipment.

Corrosion protsction is based on laboratory and field evi-
dence of inertness of system ferrous and nonferrous metals, with
and vrithout sea-water contamination.

The limiting density for fluids in desp submergence vehicle

applications where weight is critical is considered to be 1.0
gram per cubic centimeter,
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The criteria for the fire resistance of fluids are bascd
on the autoignition temperature of cheir vapers and combustion
characteristics at high pressures. Fluids having ambient pres-
sure flash points under 300° F aie considercd flammable.

Electrical application guidance for fluids is besed on
their tentative laboratory dielectris test limits given in
Chapter 1I, on their ability to cope with intrinsic (carbon)
and extrinsic (sea-water) contamination, and on their sca-watcr
fluid emulsion stability. Cratical fluid properties for cach
of the following uses are:

® Electric motors: initial dielectric propertices,
reaction to arcing (for d-c motors), heat transfer properties,
emulsion stability, and compatibility with other materials.

¢ Switches, contactors, and circuit breakers: init-
ial dielectric properties, heat transfer properties, reaction
to arcing, and compatibility with other material.

¢ Stationary electrical components: initial dielec-
tric properties, heat transfer properties, and compatibility
with other materials.

Fluids for nower transmission, such as hydraulic systems,
must have satislfactory performance in all fluid and lubricant
property categories, including dielectric properties. Fluids
for mechanical elements, such as gear trains and hydraulic
motors, must exhibit good lubricating properties and good cor-
rosion inhibition while dielectric properties are less critical.
Fluids for environmental protection of moving electrical com-
ponents must have favcrable dielectric properties, afford good
corrosion inhibition, and have favorable lubricating properties
with and in the absence of sea-water contamination. Fluids for
environmental protection of nonmoving electrical components in
sealed cases must have favorable dielectric and corrosion
inhibiting properties, but here the lubricating properties are
less critical.

Representative federal specification products and repre-
sentative military specification products are tabulated in
numerical order. Proprietary products are coded and are listed
in the order in which they were received for evaluation.

The fluids are listed in Tabie 1 (see page III-4) for

ready reference in the order as noted above, along with common
designation, base fluid composition, and a listing of possible
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uses with a -neral assessmernt of applicability to possible uscs.
The assgessment of the fluid utility is based on its use for

deep ocean applications. Even thougyh a ftluid may have been used
successfuily for aircraft, missile, or surface ship requirements,
1ts s:tisfactory performance under deep ocean conditions is not
assured. The syrhls on the summary table are defined as fol-
lows:

® P - indicates that the fluid may be used in the
listed applicatioi with normal design precauticns and considera-
tions.

® Q - indicates that the fluid has properties which
make its use in the listed application questionable. 1t does
not mean that the fluid cannot be used in the listed application,
It does mean that if the fluid is used ir such an application,
cpecial precautions and sp2cial design considerations must be
observed. A fluid in this category may possibly be suited for
short-term use onl;.

¢ X - indicates that the fluid has either been used
or has been tried in the listed application.

® Blank (-) - indicatcs that there is insufficient
available information to make any assessment of the utility of
the fluid in the listea upplication.

In the case of a cui.oined syibol, such as KP or K@, the K
indicates that the fluid has been tried for the use indicated,
and the P or Q indicate:s that it is either possible or question-
able, as defined above.

The listing of P after z »nrcduct does not constitute
endorsement for use, and the listing of Q does not constitute
condemnation.
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Table 1

Summary List of Fluids snd Lubricants Tubulated

Applicavion
Base Nonmoving
Fiuid Power Yotor |Switching|Electzical
Specification or Other Congn- Trana~ |Lubri«limmer.{Corponent|EQuipment
i Trade Name Yesivnation sition misslon{cation] sion [lmmersionilmmer niOM
F
Federal Specificaticn Products i
wWal-5%0a Transformer Oil petroleu - - N KP KF N
W-.p-001078(10 cs)|{Dampiny Fluid Silicone Q 1) KQ ) Yo ;
V% D00 1079( 5C cs) | Damping Fluid Silirone Ko ) ") v < o
Militacy Specification Products
MIL-H-H606B Aircraft Hydraulic Petroleum} KP xe Kp P P
Fluid
M1L-J-5024F JP-5 Petroleum - Ky [ Q Q
MIL-L-0O31C, Jet Engine Lubricating |Petroleum XQ K2 K KQ Q
Grade 1010 0il
MIL-11-6083C Aizcraft Hydraulic Petruleun K . KQ X0 KO KO
System Preservative ! ]
MIL-L-6085A Aircraft Instrument OillSynthctic| KQ ¥Q XQ Q Q i
MI',-L-T30dG Gas Turbine Lubricating|Synthetic - XQ Q Q o !
Oil1
MIL-L-7070A - Petroleum| - K 2 Q Q]
MIL-C~t,188¢C Gas Turbine Engine Synthetic{ Ko K0 Q Q Q
Preservative 1
MIL-F-17111 Ordnance Hydraulic Petroleum Q P - - p !
Fluid )
MIL-L-17072, Turbine 01l and Hydrau-|Petroleum| KQ KQ Q Q 3
MS 2110-TH iic Fluid
MIL-S-21508A Damping Fluid Silicone Q KQ KP Kp ]
MIL-L-23629A Aircraft Turboprop and |Synthetic - KQ - - -
Turboshaft Lubricant ‘I
MIL-H-27801A Aircraft High Tempera- |Petroleum - - - - - !
ture Hydraulic Fluid |
MI1L-H-40004 Misgile Hydraulic Yrluid{Petroleum| ¥Q - - - -
MIL-H-B101GB Aircraft and Missile Petroleur P Q - - P
Hydraulic Fluid .
Proprietary Fluids
Tluid Code A Sea-water Erulsifying |Petroleum; KO KQ Q Q Q
Fluid, Type I -
Fluid Code B - Petroleum| Kp KQ Q 3 5
Fluid Code C Proposed Specification |[Petroleum KP KQ Q Q Q
MIL-i1-25593 Missile
fycraulic Fluid
Fluid Code D Traction Drive Fluid Petroleum - - - - -
Fluid Code E - Petroleum - KQ KO - P
1
Fluid Ccde F ‘< Petroleum P 3 - - P 1
Fluid Code G - PLtraleum P P - - 1 F
Fluid Code H - Petirnleum P P - - | -
Fluid Code J USP_Mineral 0il Petroleum - Q KQ KQ 1__Kp
Fluid Code K NF Mineral 0il Petroleun - Q - - _
Fluid Code L Lubricity Improved Silicone [ Q XQ KPp Kp
Silicone
Fluid Code M - Petroleum - P Q O Q
Fluid Code N Sea-water Compatible Water - Q Q Q Q
Water Glycol
P - Possible use Q

K - Known ur attempted use

= Questionable for use in this application
- (blank) - rnsufficient information available for

assessment of use

t1l-4
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W-I-530a

suggested Uses and Possible Limitations

; The oil covered by Federal Specification VW-I-530a ic a
petroleum-based fluid intended to serve as an insulating and
cooling medium for transformers, oil switches, and circuit
breakers at atmospheric pressure, The VW-I1-530a fluid also
car be used as an immersion medium for equipment to a depth
capability of 8000 feet. The fluid lacks adequate inhibition
to prevent sea-water corrosion of ferrous and nonferrous sys-
tem components. Its relative lubricating ability has not yet
been established. 1Its poor sea-water emulsion stability makes
it unacceptable for use in electric motors. Good dielectric
properties and intermediate viscosity make it a moderately good
choice for all other electrical applications.
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vYroperties of VV-L-bJUa(l)
(Petroleum Base Fluid)

T e e s = e

felile Propwitios

Lacostly, centistokes, atg

O
ML
4,000
3,000
143,000
P, 000

7D, 000

Ps g
s g
pily
psty
paig
pany
psig

Viscosity, centistokes, at 210° F,
Q pstiy

Viscosits Slope, ASTM

@° p

1007 ¢

U

15U

57 .0C
99,9¢
1 G
24505.,9
370.1
G100
101G

G.0h
16,778
20,47
X197
3.1
T6.67

1.5

 Lubr wating Ability

TTL T Wear Tost, 30 min, 90° C,
100 steel, average scar dia.,
mmz
1 kg
3 kg
5 kg
Rolling Contact Fatigue Test
Life to 10% Failure
Life to 50% Failure

Corrosion Protection

Stirred Rust Test, 10¥ seawater,
140° F, 2 days
on-0ff Rust Test, S0% seawater,
140° F, 20 days
Ambient Pressure, coupon
stirred, corrosion test, wrizht
change, mg
Copper
Stainless Steel, 316
Copper-Nickel (70-3C)
Aluminum, QQ-a-250-4b
Phcsphor-Bronze
Steel, galvanized
Steel, 1009
Aluminum, QG-A-250-11
Bronze
Monel
Silver Base Brazing Alloy
20,000 PSIG Pressure-Cycled
Ccorroslon Test (1% seawater),
we ight change, mg
Insulated Specimens:
Copper
Stainless Steel, 316
Copper-Nickel {70.30)
Aluminum, QQ-A-2504b
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Aluminum, Q-A-270-11
Bronze
Maonel
Silver Base Brazing Alloy

Fail

Fail

W@.,36
O 44
4,05
11.5%
15.5%
21,60
6.2

N SSuptpey SRR S

TRy i

I HIN
Anntetaislin moepass
MATIAR

KLY

ASTH Dodilis

o e e —— . P

fode Mot tovoo
{rodified)

M1L-H. Y357

ASTM D-£€5,

See Chapte:
Test C-5

Sce Chanter |
Test C.1

v

See Chaptcr {
Test C.2
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Corrosion Proiection (Cont)
Flectiically Coupled Specimens:

Copper-Aluminum, QY-A-IH0-11
Atuminum g -A-U00-4b <
Copper -Nickel (70-40)
Monel-Bronze

Stainless Steel (316) -
Phosphor.Bronze

Silver Base Brazing Alloy -
Steel, 1004

Alaminum QQ-A-i 50-11 -

Bronze
Aluminum QQ-A-250-4b -
Steel, 1009

20,000 PSIG stirred Corrosion
Test, weight change, my
Insulated Specimens:
Copper
Stulnless Steel, 316
Copper-Nickel (70-30)
Aluminum, QQ-A-250-4b
Phosphor<Bronze
Steel, galvanized
Steel, 1009
Alumiaum, QQ-A-£5C-11
Bronze
Monel
Silver Base Brazing Alloy
Electrically Coupled Specimens:
Copper-Aluminum, QQ-A-250-11
Aluminum, QQ-A-250-4b -
Copper-Nickel (70-30)
Monel -Bronze
Stainless Steel (316) -
Phosphor-Bronze
~ilver Base Brazing Alloy -
Steel, 1009
Aluminum, QG-A-250-11 -
Bronze
Aluminum, QQ-A-250-4b -
Steel, 1009
Pump Test
Average Weight Loss, mg
Steel fGears
Bronze Bushings
Corrosion Coupons, weight loss,
each, mg/cm
Copper
Aluminum
Steel, galvanized
Stael, 1009
Silver Base Brazing Alloy
Dielectric Properties
Resistivity, 78° F, ohm-cm:
As-Received
With Sea-Water
Contamination:(
2.5% by volume
2.0% by volume
With Carbon Contamination:
0.1% wt/vol.
0.25% wt/vol.

0.5% wt/vol.

5.2x1017

15.0x1017

LT Mo

b

tee Chaptor o
Test C-4

Proposed military
specification for
sea-water emulsi-
fying oils

ASTM L-1169 (mod-

ified) . See Chap-

ter 2, Test E-1

S~#e Chapter 2
Test E-5

See Chapter 2
Test E-6
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vicate o breaks) g o

Tty, 'Coarnctes, 1o s
tree Toad
Nt trlte iend
Fobtored
Gl penerated,  sram
Socsipatnon Factor, T3 R,

A cRevcoerved

With Sca-Wat
Contaminat ton :( 4

Lt by volume
2.00 by volume
With Catbon Contamination:
OO0 Wt ol
Ot T owt vol,
G Wt vol,

After Q0,000 Electrice Ares
(makes and breaks) at 90
volts, 10 amperes, tesis-
tive load

Not failtered

Filtoered

Soliuds gjenerated, jram
Diclectiic Breakdown Voltage,
0.0%-1inch gap, 73° F, kv

As=Received

with Sea-Water
Contamination:(3)

O by volume
2.0 by voiume
With carbon contamination:
0.104 wt/vol,
0.0%" wt/vol.
0.50% wt/vol.

Atter 50,000 electric arcs
(wnakes aid breaks) at 00
volts, 1C amperes, resis-
tive load

Not filtered
Filtered
Solids generated, gram
Contact Life, silver-cadmium, 50
volts, 10 amperes, resistive
load, 6000 psi, 65°-85° F
Number of tests
Operations to failure (range)
Emulsion Stability
T Paddle Test, after l-hour set-
tling:

Gil, ml

Emulsion, ml

Water, ml

Eletric Probe Test, time for
water sepacation, min
Material Compatibility Stat.c 20KPS1*
Butyl
Buna N
Viton B
Ethylene-Propylene
Tetraflurroethylene [ Teflon)
Necprene
Thiakol
S1licone
fluorosxlicone

1.9
0,0

Poor
Good
Good
Poor
Good
Tair

Fair
Fair

Lee Chaptes
Test o

AR
Tent =22
See Chapter |
Tent |t
See Chapter
Test E-f

ASTM D-B77 (mod-

ified). See Chap-

ter ¢, Test E-2

See Chapter ¢
Test E-5

See Chapter 2
Test E-6

See Chapter
Test E-8

ny

ASTM D1-1401

See Chapter 2
Test E-4
See Chapter ©
Test C-3

Based on atmospheric pressure data,

Iii-9
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Volatilaty

T

Autogeneous Ignition Temperature,°F
High-Fressure Spray Combustor
Minimum spontaneous ignition
temperature, °F
Minimum reaction temperature,
°F
No indication of fire, °F
Maximum pressure change, psi
Lovest temperature of maximum
pressure change, °F
Temperature range explored, °F
Miscellaneous Properties
Pour Point, 'F
Foaming Tendenrcy, 75° F
Foam after 5-minute aeration,
ml
Time out, minutes
Foam after 10-minute settling,
ml
Neutralization Number, mg KOH/gram
water Content, % by weight
Neutrality, qualitative
Contamination

fibers in 100-ml fluid
25-100 micrometers
100.500 micrometers
over 500 micrometers
particles over 250 microm-
eters except fibers (length
ten times diameter)
Gravimetric Value, mg/100 ml

Color

cost, $/gal
Availability

Number and size of particles and

<40

<10

0.01
0.007
Neutral

$.70

vt sped]

shown by weight charge.

f11-10

_?YEJEJEJLA-.w — L Fetroleum
Density, grams/cubic centimeter, at: [ 35 1 1 To0o™ ¥ 1T o |
0 psiy 0.0 o0 | LR ]
5.000 ps1y 0. 037 0.8304 0.8365f
4000 ps1y 0.30u3] 0.8868 | G401
8,000 psiy 09169} o.H9ve | o 831
10,000 psiy 0.42161 0.9006 | 0,387
15,000 psiy 0.9325 0.9122 0,849
20,000 psrg 0.9421 0.9174 0.9105
Isothermal Compressibility, volume [T F 1700 F T o™ v
decrease, ¥, atg - B B
0 psiy
3,000 psiy 1.00 1.12 1.44
5,000 psiy 1.61 1.84 2.50
8,000 paiy 242 2.73 3.41
10,000 psig 2.92 3.29 4,06
15,000 psig 4,03 4,50 haAd
20,000 psig 5.03 1 5..2 .50
Chemical Stability T
Oxidation Stability Test, 203° F,
hours o failure
Oxidation Stability Test, 2%0° F
Hydrolytic Stability Test
Specimen change, mg
Specimen appearance
fluid acid number increase,
mg KOH/gram fluid
Water acidity, mg KOH
Insolubles, %
Thermal Stability Test
Fire Resistance
Flash Point, °F 305
Fire Point, °F 345

[
Ipeterminations made at atmospheric pressure, unless noted. “Heavy
“Saturated with seawater.

A TR

Hee NSDL
Antiape) by Mopaont

MATLAL

NS EDI,
Annapod o
MATLABL % ¢

e

Fopoat

ASTM D-)47

Fed., Method 20r
Militar, specitia
cation MIL-H-
194471

ASTM DT
ASTM D2

ASTM D-f 10t
Sec MLL ikrport
51/FF ¢f March
1967

r

ASTM™
ASTM

D-27
by

3ol

ASTH D=4
ASTM D-170L4
Fed, Method 101
SAL Mot
R
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deposits ind
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Supplementary Properties of VV.1-430a

Method
Material Compatibility withs* See Chapter ?
Buna § Poor Test C.3
Natural Rubber Poor
Polyurethane Good
Miscellaneous Propertisg
Specific Gravity at 50/60° F 0.88 AST™ D-1298
* Buased on atmoapheric pressure data. o
Fii-11




VV-D-001078 (10 CS)

Suggested Uses and Possible Limitations

: The fluid covered by Federal Specification VV-D-001078 is
; a dimethyl polysiloxane developed for use as a damping fluid
and is available in viscosities from 0.65 to 200,000 centi-
stokes. The Vv-D-001078, 10-cs fluid can be used as an immer-
sion medium for nonmoving equipment and has a depth capabil-
ity of 16,000 feet. It has poor sea-water corrcsion inhib-
ition capability. 1Its high compressibility must be consid-
ered in system design. The poor lubricating ability (partic-
ularly with steel-on-steel components) of silicone fluids
limits its application to nonmoving components. Although this
fluid has been used in deep submergence electrical applica-
tions, it is considered a questionable choice for electrical
usage because of borderline dislectric breakdown voltage.

B AR T i
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Properties of Vv-p.001078 (10 CS)(])

(silicone Fluig)

i E ) T B
Viscometraic Properties
Viscosity, centistokes, atg 35° F 100° F 1'0° ¥
U by 17.88 | B.%% D
o0 paly 25.67 12.57 8.30 Stve KEEDL
$,000 psiy 351.98 14.99 10.11 annapalan Keport
8,000 psig 44 .45 20.16 12.63 MATIAL LU
10,000 psiy 49 .44 23.82 15.00 -
15,000 psiy 78.64 35.92 21.90 -
70,000 psiy 123.5 51.12 30.55 -
Viscosity, centistokes, at 210° F, 3.76 ASTH D&Y,
0 psiy 0.43¢
Viscosity Stope, ASTM -
Lubricating Abtlity _—. -

“h-Ball wecar Test, 30 min, 50° C, Fed, Method 64004
€:100 steel, average scal dia., (modified)
sz ‘

1l kg -
3 kg -
5 kg -
Corrosion Protection
Stirred Rust Test, 10¥ seawater, Fail AST™ D-6€5
1L0° F, 2 days
On-Off Rust Test, SO0% seawater, Fail See Chap'er ?
140° F, 30 days Test C-3
Arbient Pressure, coupon Sce Chapter ¢
stirred, corrosion test, weight Test C-1
changye, mg :
Copper -1.7 -
Stainless Steel, 316 +7.7 -
Copper-Nickel {70-30) +14.2 -
Aluminum, QQ-A-250-4b -198.9 -
Phosphor-Bronze -63.4 -
Steel, galvanized -97.6 -
Steel, 1009 11005 .8 -
Aluminum, QQ-A-250.11 +210.9 -
Bronze 1.4 -
Monel +11.3 -
Silver Base Brazing Alloy +19.2
20,000 PSIG Pressure-Cycled See Chapter 7
Corrosion Test (1% seawater), Test C-2
weight change, mg
Insulated Specimens:
Copoer -
Stainless Steel, 316 -
Copper-Nickel (70-30) -
Aluminun, QQ-A-250-40 “
Phosphor-Bronze -
Stecl, galvanized -
Steel, 10C9 -
Aluminum, QQ-A-250-11 -
Bronze -
Nonel -
Silver Base Brazing Alloy -

111-13




Corrosion Protection (Cont’
Electrically Coupled Snvcimens:
Copper-Aluminum, J2-A-2%0-11
Aluminum QQ-A-245{-4b -
Copper-Nickel (70-30)
Monel-Brenze
Stainless Steel (516) -
Phosphor-Bronze
Silver Base Brazing Alloy -
Steel, 1004
Aluminum QQ-A-TH0-11 -
Bronze
Aluninum QU-A-090-4h -
sSteel, 1009
20,000 PSIG Stirred Coutrosion
Test, weight chanqe, myg
Insulated Specimens:
Copper
Stainless Steel, 315
Copper-Nickel (70-30)
Aluminum, QQ-A-2°0-4p
fhosphor-Bronze
Steel, galvanized
Steel, 1009
Aluminum, QQ-A-C50-11
Dronze
Monel
Silver Base Brazing Alloy
Electrically Coupled Specimens:
Copper-Aluminum, QU-A-750-11
Aluminum, QQ-A-250-4)p -
Coppar-Nickel {70-30)
Monel-Bronze
Stainless Steel (316) -
Phosphor-Bronze
Silver Base Brazing Alloy -
Steel, 1009
Aluninum, QQ-A-250-11 -
Bronze
Aluminum, QQ-A-2350-4b -
Steel, 1009 :
Pump Test
Average Weight Loss, mg
Steel Gears
Bronte Bushings
Corrosion Coupons, weight lcss,
each, mg/c
Copperx
Aluminum
Steel, galvanized
Steel, 1009
Silver Base Brazing Alloy
Cielectric Properties
Resistivity, &C° F, ohm-ecm:
As-Received
With Sea-Wat:r Con-
taaination:(?
0.5% by volume
2.0% by volume
With Carbon Con.
tamination:
0.25% wt/vol.
0.5% wt/vol.

3.6x101%
8.6x1013

Mo thod

Sce Chapter 7
Test C-4

Proposed military
specification fer
sea-water emulsi-
fying oils

ASTM D-1163 (mod-

ified). See Chap-

ter 2. Test E-1

See Chapter 2
Test E-5

See Chapter 2
Test E-6

1i-14
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* Based on atmospheric pressuic data,

T _-1 T 'ﬂ"—j M thod
Diclect.te Praeating {3 oat)

Attod "o, ) Electric Ares See Chapter ¢
(rakva amd breaks) av Test E.T
valts, 10 ampores, roson-
tive loat

Not tiltered -

Filtered -

Suvlids generated, jram -

Dissaipation Pactor, 80° p, Sce Chapter 2
As-Roceived 0.0 Test ELD
With St‘a-Wdl('l: Con- 0.7 See Chapter 2

tamination: %) Test E-5
0. A by voiurnw -
2.07 by volume -

With Carbon Contamtirationg Sce Chapter ?
CLIOY wt/val, Test E-6
Ol wteol, -

Gl wiovol, -

After CO,00Q aslectric Aiv,

(makes and breaks) i oo

volts, IC arpores, risis e

tive load
Not filtored -
Filtered -
Solids onervated, ran -

Dielectric Breakdown Voltai, ASTN D-877 (mod-
C.05-inch ap, 80° F, kv ified). Sce Chap-

As received 14.8 ter 2, Test Eo3

With sea-water con. 5.8 See Chapter 2

tarmination:\*© Test E.5
.5 by volume -
2.07 by volume -

With carbon contamination: See Chapter 2
0.107 wrvol. - est E.6
0.247 wt/vol. -

C.507 wtrvol. -

After 0,000 el-~crric

(makes and bruaks} o0 .

volts, lU amperss, ro. -

tive load
Not filterxed . -
Filtered -
Solids gecnerated, v -

Contact Lifo, silver-cadmium, 'V See Chapter 2
volts, 10 amperes, resist: Test E-8
load, 6000 psi, 65°-84° F

Numboer of tests -

Operations to failurc {: .:p)

Ermulsion Stability

Paddle Test, after l-hour ~cta ASTM D-1401
tling:

Gil, ml 40 -

Emuls:ion, nl 0 -

Water, nl 40 -

Electric Probe Test, time :0: 4] Sec Curwpter 2 :

water scparation, min Test E-4

Material Compatibility Static CCKpS:® Sec Chapter 7

Butyl Poor-Fair Test C-3

Buna N Fair -

Viton B Good -

Ethylcne-Propylene - -

Tetrafluovocthylene (Teflon) Good -

Ncogreae Fair -

Thiokol Good -

Silicone Poor -

Fluo.osilicone -1 _eear HE

111-18
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Volatility ~ T )
Toxicity Silicone - !
Density, grams/cubic centimeter, atr | 35° F 100Y F 150" 1 T T N
0 psiy 0.9572 | 0.9238 0.8973 Sec NSRDL
2,000 psiy 0.9788 ; ¢.9514 0.9313 Annapolis kepuet
$,000 psiy 0.9924 | 0.9663 0.9484 MATLAB ILO H
8,000 paiy 1.0095 | 0.9859 | 0.9708 =
10,000 paij 1.0062 | 0.9976 | 0.9831 L
15,000 psiy 1.0892 | 1.0206 1.0002
20,000 psiy 1,1003 | 1.0404 1.0314 | e e -
l1scthermal Compresaibility, volume 35° F 90" ¥ 1507 F i
decrease, X, at: . See NSHDL ;
O psiy Annapolis keport
3,000 psig 1.88 2.1 2.62 MATLAD JLC
£,000 psiy 2.97 3.28 4,02 .
8,000 psiy 4.40 £.95 5.72 i
10,009 psiq 5.21 5.82 6.75 .
15,000 psiy 5.98 7.66 8.74
00,000 psig 8,49 9.22 10,50 o — :
Chemical Stability H
Oxidation Stability Test, T703* F, ASTM D-OLY :
houra to failure ;
Oxidation Stability Test, 150° F Fed. Method 430F
Hydrolyti: Stability Test Military speciti- :
Specimen change, mg cation MlL-H- !
Specimen appearance 194578 i
Fluid acid number increase, -
mg KOH/gram fluid
Water acidity, mg NKOM - {
Insolubles, % - )
Thermal Stability Test - i
Fire Resistance
Flash Point, °F 355 ASTH D92 .
Fire Point, °F 415 ASTN D-9? :
Autogeneous Ilgnition Temperature,°F ASTH D-215%, '
High-Pressure Spray Combustor Sce MEL Reoport b
Minimum spontanecus ignition 51/66 of March
temperature, °F 1967
Minimum reaction temperature, -
L]
F
No indication of fire, °F -
Maximum pressure change, psi -
Lowest temperature of maximum -
pressure change, °F
Temperature iange explorad, °F -
Miscellaneous Properties
Pour Point, F <65 AST™ D-97 :
Foaming Tendency, 75° F AST™ D-8G2 ;
Foan after 5-minute aeration, 0 - !
ml ’
Time out, minutes - -
Foan after l0-minute settling, - {
ml H
Neutralization Number, mg XOH/gram ASTM D-OT4 L.
Witer Content, £ by weight o.010 ASTM D-174l4
Neatrality, qualitative Fed. Method 5101 e -
Contarination - }
Number and size of particles and SAE Method ARP- l
Eibers in 100-ml fluid 598
25-100 micrometers -
100-500 micrometers - vy
over 500 micrometers - i i
particles ovear 250 microm- - [
eters except fibers (length
ten times diameter)
Gravimetric Value, mg/100 ml SKE Method ARP- i
785 i
Color ASTM D-1500 i
Cost, $/gal $20.0C -
Availakbility vt = - oy
Detarminations made at atmospheric pressulre, unless noted. 2saturated with seawater,
}

i11-16

Py
|




o . < . .

Supplementary Properties of VV-p-001078 (10 CS)

, Ne thod
‘5 Material Compatibility with:* See Chapter 2
N Buna S Poor Test C-3
Polyurethane Fair
; Miscellancous Propertiss
. Specific Gravity at 80,60° F 0.941
——

. * Based on atmospher:c pressure data.
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VW-D-001078 (50 CS)

Suggested Uses and Possible Limitations

The fluid covered by Federal Specification Vw-D-001078 in
the 50-.cs viscosity has been used in the missile hold-down sys-
tem in svbmarines. The W-.D-001078, 50.cs silicone fluid can
be used as an immersion medium for equipment to a depth capa-
bility of 1000 feet., The fluid lacks adequate sea-water cor-
rosion inhibition. 1Its high compressibility must be considered
in system design. The poor lubricating ability (particularly
with steel-on-steel components) limits ite use. Due tc a low
dielectric breakdown voltage and poor sea-water emulszion sta-
bility and relatively high viscosity, this fluid is not recom-
mended for any electrical applications.
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Properties of YWW.DLCOLCTH (10 CS)

aiscorettie Propesties

(s1l3vone Fluid)

U

n\'\‘:,\!-", . ot LTS toke PRSI LI JE 1
Sy
LU0 Dst g
CN0 pag
B,000 st
10,000 psiyg
18,000 psag
COL000 petyg
Viscosity, centistokes, at 70 1, 50
O psty
Viscostit, Slope, ASTM I
Lubricating Ahility - 7
T 8all Wear dest, 30 min, ‘U° 2,
52100 steel, average scar dia.,
mmz
1 ky
X kg
Sk
Corroslon Protectiorn
stirred Rust Test, 10F seawater, Fail
140% P, 2 davs
Oon-0ff Rust Tes*, 500 scawater, Fail

140° F, 30 davs

Ambient Pressure, coupon

stirred, corrosion test, weijht

change, mc
Copper
Stainless Steel, 316
Copper-Nizkel (70-30)
Aluminur, QQ-A-250-4bH
Phosphor-Bronze
Steel, galvanized
Steel. 1009
Alumirun, QQ-A-250-11
Bronze
Monel
Silver Base Brazing Alloy

20,200 PSIG Pressure-Cvcled

Corrosion Test (1% seawater),

weight change, mg

Insulated Specimens:

Ccprer
Stainless Steel, 316
Copper-Nickel (70-30)
Aluminum, QQ-A-250-4b
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Alurinum, QQ-A-250-11
Bronze
Monel
Silver Base Brazing Alloy

F1i-19
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Feohed

—_—

See NSKOU
Annupclis Report
MATLAB “.0

hSTM D-L4t

1

Fed. Method €4/
(modified)

ASTM D-665

See Chapter 2
Test C-5
See Chapter 2
Test C-1

-

See Chapter &
Test C-2




Corrcsion Protaction {Cont)
Elactrically Coupled Specimens:
Copper-Aluminum, QQ-A-250.11
Aluminum QQ-n-250-4h -
Copper-Nickel (70.30)
Konel-Bronce
Stainless Steel (3i6) -
Phosphor.-Bronze
Silver Base Brazing ' lloy -
Steel, 1004
Aluminum CQ.A-750-)1 -
Bronze
Aluminum (Q-A-25C-A4b «
Steel, 1009
20,000 PSIG Stirred Corrosion
Test, weight change, mg
Insulated Specimenst
Copper
Stainless Steel, 316
Copper-Nicke! (70-30)
Aluminum, QQ-A-250-U4p
Phosphor.Bronze
Steel, galvanized
Steal, 1009
Aluminum, QQ-A-250.11
Bronze
Honel
Silver Base Brazing Alloy
Zlectrically Coupled Suecimens:
Copper-Aluvwinum, Qu-k-250-11
Aluminum, 4Q-A-25C-'h -
Copper-Nickel {, %)
Mo:;el -Bronze
Stainless Steel (316) -
Phosphor-Bronze
Silver Base Brazing Alloy -
Stecl, 1009
Aluminum, QQ-A-250-11 -
Bronze
Aluminum, QQ-A-250-4b -
Steel, 1009 :
Pump Test
Average Weight Loss, mg
Steel Gears
Bru..ze Bushings
Corxosion Coupcns, weight loss,
each, wng/cme
Copper
Aluminum
Steel, galvanized
staxl, 1009
Silver Base Brazing Alloy
Dielectric Properties
Resistivity, 77° I, ohm-cms
As-Received
With Sea-Water Con-
tamination:(2)
0.5% by volume
2.0% by volume
With Carbon Contamination:
0.1% wt,vol.
0.25¢ wt/vol.
0.5% wt/vol.

7.8x1013
Y Lx1013

F2thod

L3

See Chapter ¢
Test C-4

Proposed military
specification for
sea-water emulsi-
fying oils

ASTM D-11&5 (mod-

ified). See Ctap-

ter 2, Test E-1

See Chapter 2
Test E-5

See Chapter 2
Test E-6

——
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Drivlectite Propertivs {Cont)

Afrer CO,000 Electric Ares
(makes and breaks) at 9o
volts. 0 ampueies, resisg-
tive load

Not filtoered

Filterod

selids genvrated, jram
Dissipation Factor, 77% F, ¥

As<Received

With SeaWater Con -
taminat.on: 2)

A4 by volume
2.0 by volume
With Carbon Contaminationg
0107 wt,'vol,
0,00 wt/vol,
OLLO07 wevol,

After PO,000 Electric Ares
(mekes md breaks) at 90
volts, 10 amperes, resise
tive load

Not filtered

Filtered

Solids generated, Jram
Dielectric Breakdown Voltage,
N Ofeinch ogap, 77° F, kv

~s received

With sea-water con-
tamination:(

0.5% by volume
2.0% by volume
With carbon contaminaticn:
C.107 wt/vol.
0.25% wt/vol.
0.50% wt/vol.

After 50,000 electric -1 s
(makes and breaks) . X
volts, 10 umperes, '¢sis.
tive load

Not filtered
Filtered
Solids generated, iram
Contact Life, silver-cadwniuwm, 0
volts, 10 amperes, resistive
load, 6000 psi, 65°-8%° F
Number of tests
Operations to failurc (ran,)
Emulsion Stability
Paddle Test, after l-hour secte
tling:

0il, ml

Emulsion, ml

Water, ml

Electric Probe Test, time for

water separation, min

Material Compatibility Static 20KpS1”

putyl

Buna N

Viton B

Ethy lene~Propylene

Tetrafluoroethylene (Teflon)

Neoprene

Thiokol

Silicone

Fluorosilicone

Lo
40

Poor-Fair
Fa_r
Good
Good
Fair
Good
Poor
Poor

e

e

Method

See Chapter 2
Test E.7

See Chapter ?
Test E-2
See Chapter 2
Test E.5

See Chapter 2
Test E.6

ASTM D-877 (mod-

ified). See Chap-

ter 2. Test E-3

See Chapter 2
Test E-5

See Chapter 2
Test E-6

See Chapter 2
Test E-8

ASTM D-1401

See Chapter 2
Test E-4
See Chapter 2
Test C-3

* Based on atmospheric pressur~ data.
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¥ T Tty ottt Tyt T MOthod
; Volatility T )
Toxicity R e Silicone # -
Density, yrams/cubic centimeter, aty | 307 F 00T F T 0T E i ]
0 psiy o T See NSIDL
{ 3,000 psiy Antapolin Mepoa?
5,000 psig ) MATLAB “' U
3,000 psiq
10,000 psiy
15,000 psig
20,000 psiy
[sothcrmal Compressibility, volume |3 F 100 F ] V0" ¥~ ] 7T 0w
decrease, %, at: - B e See NSKDL
0 psiy Annapolis Fopont
3,000 psiy MATLAB *.(
5,000 psig
8,000 psig
. i 10,000 psig
: ¢ 15,000 psig
; ; 20,000 psig ] N L
i Chemical Stability g - f¢.w_
| Oxidation Stability Test, 203° F, R3TM D=4
[ hours to failure
: Oxidation stability Test, 250° F Fed. Method oo
f Hydrolytic Stability Test P Military specit,.-
| Specimen change, my | cation Mip-u-
) Specimen appearance 194 78
4 Fluid acid number increase, -
E mg KOH/gram fluid
: Water acidity, mg KOH -
Insolubles, % -
Thermal Stability Test -
Fire Resigtance
! Flash Point, °F >535 ASTM D-07
; Fire Point, °F ASTM D-0?
; Autogeneous Ignition Temperature, °F AST™ D-21L%
High-Pressure Spray Combustor See MEIL Report
) Minimum spontaneous ignition $1/66 of March
' temperature, °F 1967
: Minimum reaction temperature, -
} °F
; No indication of fire, °F -
Maximum pressure change, psi -
E Lowest temperature of maximum -
' pressure change, °F
; Temperature range explorec, °F -
: Miscellanecus Properties
Pour Point, 'F <-65 ASTM D-97
Foaming Tendency, 75° F ASTM D-897 -
Foam after 5-minute aeration, -
‘ ml
E Time out, minutes -
; Foam after l0-minute settling, -
i ml
Neutralization Number, mqg KOH/gram ASTM D-OT4
ASTM D-1744

Water Content, % by weight

Neutrality, qualitative Fed. Method 4101

: Contamination
; Number and size of particles and SAE Method ARP-
' fibers in 100-..1 fluid 598

25-100 micrometers
100-500 microms . l..s
over 500 micrumeters
particles over 250 microm-
eters except fibers (length
ten times diameter)
Gravimetric Value, mg/100 ml

SAE Mcthod ARP-

785
Color ASTM D-1' 00
Cost i/‘({a'l $15.00 -
Availability Govt -

Determinations made at atmnspheric pressure, unless noted. QSaturated with seawater,
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Supplementary Properties of VV-D-001078 (%0 ¢S)

Material Compatibility withg”
Buna §
Polyurethane

Miscellaneous Properties
Specific Gravity, 60/B0°¢ F

Poor
Fair

0.961

Based on atmospheric pressure data.
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MIL-H-5606B

suggested Uses and Possible Limications

The fluid covered by Military Zpecification MiL-H-5606B

~ is a petroleun-base, low-viscosity fluid which has been used

extensively in aircraft and mismile hydraulic systems. The
properties of MIL-H-5606B indicate that it is suitable for use
as hydraulic fluid, as a motor immeruion fluid, as a general
lubricant, and for environmental protection of electrical
equipment at depth capability of 20,000 feet, 1Its limitations
are lack of corrosion protectioh, poor sea-water compatibility,
and its high flammability. are reported field applica-
tion failures due to formation of large carbon deposits under
pressure in electric arcing conditions; however, this problem
is common to all hydrocarbon fluids. (See Chapter 1.) 1ts
combination of good sea-water emulsion stability, good dielec-
tric propertiea, and intermediate viscosity makes this fluid
the best choice known to date for electric motor usage and a
moderately good choice for all pther electrical applications.
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Properties of Hll..-ll-‘)606li(l)

{Petroleum Base Fluid)

— ey e

—

Viscuometrice P operties

Method

stirred, corrosion test, weight
change, =g
Copper
Stainless Steel, 316
Copper-Nickel (T70-30)
Aluminum, QQ-A-250-4b
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Aluminum, QQ-A-250-11
Sronze
Monel
Silver Base Brazing Alloy
20,000 PSIG Pressure-Cycled
Corroc~ion Test (1% seawater),
we ight change, mg
Insulated Specimens:
Copper
Stainless Steel, 316
Copper-Nickel (70-30)
Aluminum, QQ-A-250-4b
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Aluminum, QQ-A-250-11
Bronze
Monel
Silver Base Brazing Alloy

 bob5ERSEELE
slfor-oma)\nly_:lwwr-
n

o N

00053§§053b
ol N

Viscostity, high shear, cs, atg 3° F 100° P 10 ¥
C psly 29.8% 12.26 21
1,000 psiy 43 .4, 16.31 9.74 Sue NSKDL
9,000 psiy 52.899 19.2 11.39 Annapulis keport
8,000 paty 76.16 04 .90 14,00 MATLAD 540
10,000 psiy 2.62 29.32 16.07 -
15,000 ps1g 150, 42.90 20 .88 -
20,000 psiy 264 .4 62.55 31.6% -

Viscosity, low shear, cs, at: 35 F 160° F 150° F

0 psiy 48.50 13.80 .
3,000 psiy 60.5% 18.%9 11.93
4,000 psiy 86.66 21.87 14.01
8,000 paig 113.4 32.33 18.80
10,000 psig 147.1 39.78 23.53
1$,000 psig 270.5 58.41 35.07

~ i c Dt [N

v?gégg?tff:inuiszokc-, at 210° F, 504.8 929 52.38 ASTH Dbk,
0 psiy 5.16 - -

Viscosity sSlope, ASTM 0.457 - - -

Lubricating Ability :

T Ball wear Test, 30 min, 50° C, . Fed, Mcthod €407
52100 steel, average scar dia., (moditied)
mm: Y kg

3 kg -
S kg 0.19 - - -
Rolling Contact Fatigue Test, hr: -
Bl0 life: Dry 34.9
With 1% synthetic 12.7
seawater
B50 life: Dry 94.3
With 1% synthetic 35.8(4)
seawater
Corrosion Protection

Stirred Rust iest, 10% seawater, Fail ASTM D-6€5
140* F, 2 days

Oon-O0ff Rust Test, SO% seawater, Fail See Chapter 7
140°* F, 30 days Test C-5

Ambient Pressure, coupon - Sec Chapter ¢

Test C-1

-

See Chapter &
Test C-2
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! Method

i ——
X corrosion Protecticn (Cont |

E Electiically Coupled Specimens: -
l

1

Copper-Aluminum, QU-A-250-111 +0
Aluminum YWQ-A-250-4b . 0.
Copper-Nickel (70-%)
Mone ] -Bronze +0
Stainiess Steel (316) - +0
Phosphor-8runze
Silver Bese Brazing Alloy - 0 +0.2
Steel, 1004
Aluminum QU-A-o50-11 - +0.1 +0.,2 -
Bronze
Aluminum QQ-A-CH50-4b . +0.2 +0.1 -
Steel, 1008
L0,000C Pyl Stirred Corrosion See Chapter ¢
Test, weight chanage, my Test CA4
Insulated Specimenss
Jupper
Stainless Steel, 316
Cuppet-Nickel (70-30)
Aluminum, QU-A-?250-4b
Phosphor -Bronze
Steel, jalvanized
Steel, 10MW
? Aluminurm, QU-A-250-11
‘ Bronze
Monel
, 3ilve. Base Brazing Alluy
Electrica. ', Coupled Specimens:
| Copper-Aluminum, GQ-A-05C-11
Alurmiaum, QU-A-250-4b -
Copper-Nickel (7L-%0)
Monel-Bronze
Stainless Stee)l {316) -
Phesphor-Bronze
Silver Base Brazing Allo -
Steel, 1009
Aluminum, QQ-A-C50-11 -
Bronze
Aluminum, QQ-A-CL0-4b -
Steel, N9
Pump Tes? Proposed military
Averaje we:ght Loss, mg specificaticn for
Steel Gears 15 sea.-water cmulsi-
Bronze ushings 9 fying oils
Corros.on Coupons, weight loss,
each, mg cm
~oppe: 0
Aluminum 0
Stes~!, jalvanized 0
0
o}

>
L}
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Stee!, 107
S:lver Base Brazing Allo
Diclectr:c Proper*ies As™ D-1163 {mod-
Resistivity, 777 F, ohm.cm: . 1f1ed’ . See Chap-
As Received | . Ox1C 1% ter [, Test E-1
With Sea-water Con- , .6x1012 See Chapter
tam:

~)

onit >
nationst H | Test E-5
€ b volume ‘ o

5

L 4
s
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! See Chapter T
Tesat E-O
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Method

Diclcetrie Propertics (Cont)
Atter 50,000 Electiic Ares Sew Chapter ?
{makes and breals) at 90 Teat E-7
volts, '0 amperes, resise
tive load

Not filtervd 8.0x1011 -
Filtered 8.6x1011 -
Selids generated, gram 0.81 -

Disyipation Factor, 77° F, € -, Sve Chapler ¢
As-Reowived . 2.0 Test E-P
with :.'ea-H.nz'r Cona 2.1 See Chapter 2

tamination: Test E-5
0.%% by volume - N
2.08 Ly volume BN v
With Carbon Contamination . §ee,Chapter ?
0. 10T wt/vol, i " “,' ‘.;,6
U000 wt/vol, ! P b
NIRRT ;

wt/vol. R oa
After ©0,00C Electric Arcs H
{makes and breaks) at 90
volts, 10 ampercs, resis-

tive load
Not filtered 0.8 -
Filtered 0.5 -
Salids generated, yram : -

Dielectric Breakdown Voltaqe, AST™ D-B77 (mod-
C.0%«inch gap, 77° F, kv ified). See Chap-
As received 23.8 ter 2 . Test E.3
With sea-water con. T.2 See Chapter 2
taminations{3} Text E.5
0.5% by volume - ’

2.0% by volume . -

With carbon cor.tamim_wtion: See Chapter 2
0.10% wt/vol. . . ) Tes E.6
0.255 wt/vol. : -

Q0.30% wt/vol. . -

After 50,000 electric arcs
(mak2s and breaks) at 20
volts, 10 amperes, resis-

tive load
Not filterad 10.8 -
Filtered 15.8 -
Solids generated, ‘ram -

Contact Life, silver-cadmium, %0 See Chapter 2
volts, 10 amperes, resistive ! Test E-8
load, 6000 psi, 65°-85° F

Number of tests -

Operations to failure (rangye)
Emulsion Stahility

Paddle Test, after l-hour set- ASTM D-1401
tling:
0il, ml 33 -
Emulsion, ml 30 -
Water, ml 14 -
Electric Probe Test, time for 10 | See Chapter 2
water separation, min Test E-4
Material Compatibility Static 20KpsS1® .| See Chapter 2
Butyl Poor Test C-3
Buna N Fair-Good -
Viton R Good -
Ethylene~-Propylene Poor -
Tetrafluoroethylene (Teflon) Good -
Neoprene Fair -
Thiokol - -
Silicone Poor | -
Fluorosilicone Poor -

* Based on atmospheric pressure data.
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lpeterminations made at x*mospheric pressure, unless noted.
Jsaturated with seawater,

shown by we:ight change.

Py

-30

I - Method
Vohg_g_l_‘i_t_y -
Toxicity [Petroloun - e
Dons’ty, qgrams/cubic centimeter, at: | 35° ¥ 100°_F U
O psig 0.8659 0.8h01 o0.B202 See NSRDL
3,000 parg 0.8756 |0.8516 |0.8335 Annapolis Report
5,000 psig 0.8816 }0.8585 J0.8414 MATLAB 340
8,000 psiy ¢.8905 |0.8679 |0.8513
10,000 pe1iy ».8957 10.%27%9 [0.8%80
1 gs.ggg psig 0.5076 lo,3867 0.8720
Y, psig 0.0 n.Ag81 |c.88
[ 1sothermal Compressibility, volume 35“132"“r"‘ F _'Tﬁge—F"" - T
decruase, ®, at: See NSRDL
0 psig Annapolis Report
5,000 paig 1.:2 1.29 1.60 MATLAB 340
5, psis 1.81 2.07 2.52
8,000 psig 2.76 3.12 3.66
10,000 peig 3.2 3.75 4 .40
15,000 psig 4.60 5.12 5.94
20,000 psig 5.77 6.32 7.21
Chemical Stability -
Oxidation Stability Test, 203° F, ASTM D-943
hours to failure
Oxidation Stability Test, 250° F Fed. Method 5308
Hydvolytic Stability Test Military specifi-
Specimen change, mg cation MIL-H-
Specimen appea“ance 19457B
Fluid acid numb.r increase, -
ng KOH/gram fluid
Water acidity, mg KOH -
insolubles, % -
™hexmal Stability Test -
Fire Resistance
T Flash Poirt, °F 215 ASTM D-92
i  Fire Point, °F 250 ASTM D-92
Auvogeneous Ignition Temperature, °F ASTM D-2155
High-Pressure Spray Combustor See MEL Report
Minisum spontaneous iguition 51/66 of March
temperature, °F 1967
Minimum reaction temperature -
OEx
No indication of fire, °F -
Maximum pressurz change, »si -
Lowest temperature of maximum -
pressure change, °F
Yemperature range explored, °F -
Hiscellanecus Properties
pour Po:in%, F <75 AST™ D-G7
Foaming Tendency, 7%° F ASTM D-E9?
Foam after S-minute aeration, 55 -
mi
Time out, minutes 1 -
Foam after 10-minute settling, -
ml
Neutralization Number, mg KOH/gram .18 ASTM D-974
Water Conten:, % by weight 0.011 ASTM D-1T44
Neutrality, qualitative - Fed. Method 5101
Contamin>tion -
Number and size of particles and] SAE Met»~d PARY-
fibers in 100-ml fluid 598
25-100 micrcmeters -
100-50C micrometers -
over H00 micrometers -
particles over 250 microm- -
ete:s except fibers (leng’'h
ten t:mes diareter)
Gravimetric Valae, my/100 m} SAE Mcthed ARP-
78%
Color AST™ D-1500
cost, $/gal 32.6C _
_;V:Ilabxlxti R ot _speg) 5 . B

Heavy deposits indicate corrosion not

Some rust observed in system.
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supplerentary Propertivs of RIL-H-5606D

Meterial c%ubuux with!
atural Rubber

Buns 8

Niscellarecus Properties
Specific Gravity

Foor
Poor

0.86

Method

e e
See Chapter II

Tast C-3

ASTH D-1296

Based on atwmospheric pressure data.
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MIL-J-5624F

Suggested Uses and Possible Limitations

The fluid covered by Military Specification MIL-J-5624F
is petroleum.base jet engine fuel. The JP-5 grade of the fluid
has been suggested for deep ocean applications because of its
low viscosity. The few relevant values known for MIL-J-5624F
(JP-S) indicate it to be of questionable value for any elec-
trical applications because of low dielectric breakdown volt-
age, Studies of diesel fuel as a lubricant lead to the pre-
diction that JP-5 wnuld have poor lubricating ability. It
lacks corrosion inhibiting properties and is also highly flam-

mable.
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Properties of MIL~J-5624Pr, ”_5(1)
(Petroleum Base Fluia)

Metriod

Viscomstric Propertien
Viscosity, centistokes, aty 35° 100° F 150° F
0 peig
3,000 paig See NSRDL
5.000 psig Annapolis Report
8,000 psig MATLAB 34C
10,000 psig -
15,000 psig -

B
I
U 20,000 psig -
)
]

Viscosity, centistokes, at -3¢ r,| 16.5 max ASTM D4

0 psig

Viscosity Slope, ASTM - __|
Lubricating Ability
M §-pall Wear Test, 30 min, 50° C, Fed. Method 6€50%
] 52100 steel, average scar dia., (modifiud)
L) mens
1 kg -
3 kg -
5 kg -

[——— e
| ST— i 4

Ccrrosion Protection
Stirred Rust Test, 10% seawater, Fail AST™ D-66%
140° F, 2 days
On-0ff Rust Tegt, 50% seawater, Fail Sce Chapter 2
140° F, 30 days Test C-5
Ambient Pressure, coupon See Chapter 2
stirred, corrosion tr-st, weight Test C-1
change, mg
Copper -
Stainless Steel, 316 -
Copper-Nickel (70-30) -
Aluminum, 0G-A-250-l4p -
Phosphor-Bronze -
Steel, galvanized -
Steel, 1009 -
Aluminum, QQ-A-250-11 -
Bronze -
Monel -
Silver Base Brazing Alloy
20,000 PSIG Pressure-Cycled See Chapter 7
Corrosion Test (1% seawater), Test C-D
weight change, mg
Insulated Specimens:
Copper -
Stainless Steel, 316 -
Copper-Nickel (70-3C) -
Aluminum, QQ-A-250- 4b -
Phosphor-Bronze -
Steel, galvanized : - !
Steel, 1009 - l
Aluminum, QQ-A-?50-11 - .
Bronze -
Monel -
Silvar Base Brazing Alloy

U S Gun B S S G

=

=

2
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,g:mm Protection {comt)
ectrically Coup Spocimens:

Copper-Aluminum, 0Q-A-250-1)
Aluminum QQ-A-250-4b -
Copper-Nicksl (70-30)
MNonei-Bronse
Stainless Steel (316) -
Phosphor -Bronze
8ilver Base Braszing Alloy -
Steel, 1004
Aluminum QO-A-250-11 -
Bronse
Aluminum QQ-A-250-4d -
Stesl, 1009
20,000 PS1G Stirred Corrosion
Test, weight change, mg
Insulated Specimens:
Copper
gtainless 8teel, 316
Copper-dickel (T70-30)
Aluminum, QQ-A-2%0.Ab
Phosphor-pronse
Steal, galvaniszed
Steel, 1009
Aluminum, 0Q-A-250-11
Bronte
Monel
Silver Base Brazing Alloy
Electrically Coupled Specimens:
Copper-Aluminum, QQ-A-250-11
Aluminum, QQ-A-250-4b -
Copper-Mickel (70-30)
Monel-Bronze
Stainless Steel (316) -
Phosphor-Bronsge
Silver Base Brazing A'loy -
Steel, 1009
Rluminum, QQ-A-250-11 -
Bronse
Aluwminum, QQ-A-250-4b -
Steel, 1009
Pump Test
Average Weight Loss, =g
Steel Gears
Bronze Bushings
Corrosion Couponk, weight loss,
each, mg/
Copper
Aluainum
Stewl, galvanized
Steel, 1009
Silver Base Brazing Alioy
Dielesctric Properties

Resistivity, 12° F, ohm-cm;

Mathod

Ses Chapter 2?2
Test C-A4

Proposed military
specification for
sea.water emulsgi-
fying oils

AST D-1169 (mod-
ified). See Chap-

As-Received 4.0xi0} ter 2. Test %.)
With Sea-Water Contamination: See Chapter 2
0.1% by volume Test E-5
0.9% by volume -
2.0% by voluse ~
With Cardon Contamination: See Chapter 2
0.1% wt/vol. Test E.6
C.25% wtfvol. -
C.9% wt/vol, -
1Hi-34
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Dielectric Properties {Cont)

After 20,000 Eluectric Arcs
{makes and breaks) at 90
volts, 10 ampervs, fosis-
tive load

Not filtered
Filtoered
Solids genvrated, gram
Dissipation Factor, 72° F, ¢
As<Reccived
wWith Sca-Nater Contaminationg
0.1% by volume
Q.57 by volume
2.05 by volume
wWith Carbun Contamination
O wr/vol.
Q.07 wt/vol.
0.00% wt/vol.

After £0,00C Elcctric Arcs
(makes and breaks) at 90
volts, 10 amperes, resisa-
tive laad

Not filtered

Filtered

Solids generated, gram
Dielectric Breakdown Voltage,
0.05-inch gap, 72* F, kv

As received

With sca-water contamination:

0.19 by volume
0.5% by volume
2.0% by volume
With carbon contamination:
0.109% wt/vol.
0.257 wt/vol.
0.50% wt/vol.

After 50,000 electric arcs
{makes and breake) at o0
volts, 10 amperes, resis-
tive load

Not filtered
Filtered
Solids generated, .1ta:
Contact Life, silver-cadmium, !0
volts, 10 amperes, resistive
load, 6000 psi, 65°-85° F
Nurber of tests
Operations to failure (range)
Emulsion Stability
Paddle Test, after l-hour set-
tling:

0il, ml
Emulsion, ml

Water, ml

Electric Probe Test, time for

water separation, min
Material Compatibility Static 20KPSI

Butyl

Buna N

viton B

Ethylene-Propylene

Tetrafluoroethylene (Teflon)

Neoprene

Thiokol

Silicone

Fluorosilicone

1.3

13.1

Me thod

Sev¢ Chapter 2
Test E-7

Sce Chapter ?
Test E-2
See Chapter 2
Test C-5

See Chapter 2
Test E.6

AST™ D-877 (mon-

ified). See Chap-

ter 2, Test E.3

See Chapter 2
Test E-5

See Chapter 2
Test E-§

See Chapter 2
Test E-8

ASTM D-1401

See Chapter 2
Test E.4
See Chapter 2
Test C-3

| S N Nt R GRS S S |

| O

| St




Volatility
Toxicity

Petroleun

Method  ~

———— et

3 F

Density, yrams/cubic centimeter, at:
0 psig

3,900 psig
2,900 psig
8,000 psiy
10,000 paiy
15,0C0 psig
20,000 psig

Sec NSEDL
Annapolis bepaort
MATLAB "0

lsothermal Compressibility, volume

2o F

decrease, %, at:
0 psig
2,000 psiy
5,000 psig
3,000 psig
10,000 psig
15,000 psig

20,000 psig

Sec NSRDIL
Annapolis Report
MATLAB 2L0

Chemical Stability
Oxidation Stability Test, 203" F,
hours to failure
Oxidation Stability Test, 250° F
Hydrolytic Stability Test
Specimen change, mg
Specimen appearance
Fluid acid number increase,
ng KOH/gram fluid
Water acidity, mg KOH
Insolubles, ¥
Thermal Stability Test
Fire Resistance
" Flash Point, °F
Fire Point, °F
Autogeneous Ignition Temperature, °F
High-Pressure Spray Combustor
Minimum spontaneous ignition
temperature, °F
Minimum reaction temperature,
L ]
F
No indication of fire, °F
Maximum pressure change, psi
Lowest temperature of maximum
pressure change, °F
Temperature range explored, °F
Miscellaneous Properties
Pour Point, 'F
Foaming Tendency, 75° F
Foam after S.minute aeration,
ml
Time out, minutes
Foam after 10O-minute settling,
ml
Neutralization Number, mg XOH/gram
Water Content, ¥ by weight
Neutrality, qualitative
Contamination
Number and size of particles and
fibers in 100-ml fluid
25.100 micrometers
100-500 micrometers
over 500 micrometers
particles over 250 microm-
eters except fibers (length
ten times diameter)
Gravimetric Value, mg/100 ml

120 min

ASTM D-OLY

Fed. Metloaa L2004
Military specitie-
cation MIL-Mi-
134578

AST™ D-N2
AST™ D92
AST™™ D-T155
Sce MEL Report
31/66 of Narch
1067

AST™ D-37
ASTHM D-B9Z

ASTI! D-GT4

ASTM D-1T744

Fed. Mcthed £101
SAE Mcthced ARP-
508

SAE Mcthod ARP-T85)

Specific Gravity, 6§0/60° F 0.79-0.85

Color ASTM D-150C
Cost, $/qal availabl -
Availability jGovt s -

11i-36

PR




. =2 &3 63

- 2

—
—s

MIL-L-6081C, Grade 1010

gggggatod Uses and Possilbie Limitations

The fluid covered by MIL-L-6081C is a low.viscosity,
petroleum-base fluid originally developed as a jet engine
lubricating oil. The data given here were collected on the 1010
grade., The lubricating, electrical, and chemical properties of
MZL-L-6081C indicate that it may be used as a general purpose
fluid for depths down to 8000 feet. All of its properties
deteriorate rapidly when it becomes contaminated with seawater,
1ts corrosion inhibiting properties are so poor that ball bear-
ings in moving machinery rusted in MIL-L-6081C contaminated with
seawater. Its flammability properties are marginal. While its
initial dielectric properties are good, it shows a rapid drop
in dielectric breakdown voltage with sea-water contamination.
This makes it a questionable choice for any electrical appli-
cation.

I11-37




Properties of MIL-L-6081C

(Petroleum Base Pluid)

(1)

Viscometric Properties
Viscosity, centistokes, at:
peiy
pe1g
pelg
peig
Feiq
psig
paig

35§ouu
g88888.

Viscoeity, cantistokes, at 210° »,

0 peig
Viscosity Slope, ASTM

3>y 100° r

150° F

53.73 10.08

93.56 15.43
19.7 19.77
228.5 28.98
3.6 371.37
718.6 59 .84
1834 129.9

2.51
0.83

5.85

6.50

7.81
11.15
13.35
21.

36.23

T 7 T Method _'__]
P —

See NSRDI
Annapolis kepoot
MATL B %L1

ASTN DAt

Lubricating Abilit
Wear Test, Y min, %° C,
52100 steel, aversge scar dis.,
- 1l kg
) ng
5 kg
15 kg
Roll Caontact Fatigue Teat, hrg
810 life: Dry
with 1§ synthetic
sehwvater
350 life: Dry
with 1% ( thetic
sagvater
Corrosion Protection

Stirred Rust Test, 10% seawater,
180° r, 2 days
on-Off Rust Test, 50K seawater,
130° r, 30 days
Amhient Pregsure, coupon
stirred, corrosion test, weight
change, mg
Copper
Stainless Steel, 316
Copper-Rickel {70-30)
Aluminum, QQ-A-250-4b
Phosphor -Bronze
Steel, galvanized
Steel, 1009
Aluminum, QQ-A-250-11
Bronxe
Rone 1
Silver Base Brazing Alloy
20,000 PSIG Pressure-Cycled
Corrosion Test i 1% seawater),
weight change, mg
Insulated Specimens:
Copper
Stainless Steel, 316
Copper-Wicksl {7C-3C)
Aluminum, 24 -A-250 .40
hosphor-Bronzs
Siesl, galvanized
Stew}, 1009
Alum:inum, OQ-A-PH.1:
3ronse
el
$1lve: Ease Braging A'lcoy

b

—

&L_
o Qo R
FOE R BN e OO

'né'
893

+
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Fed. Mcthoot (562
(modified)

-

AST™ D.£E¢

See Chapter
Test C-5

See Chapter 7
Test C-1

See Chapter 7
Test C-C
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Corrosion Protection QCouq
Electrics y Couplied S imens:

Coppei-Aluminum, W-A-2/0-}1
Alainus QQ-A-250.Ab -
Coppar-Mickel {70-X)
Mone { -Broass
Staialess Zteel (3516) -
EhoephorsBroase
S1lver Base Brazing Alloy -
Steel, 1004
Alumisum QQ-A-250-11 -
ronse
Alunisue QQ-A-250-4p -
Steel, 1009
70,000 ?81G Stirred Corrosion
Test, weight change, =g
Iasulatod Specimens:
Copper
ftainlens Steel, 316
Covpor-dickel {70-%0)
Ajuminum, QQ-A-?50.4D
Phos, hot-Broare
Steal, galvanized
Steel, 1009
Aluminum, QG-A-050.11
Boonse
Ronel
Silver Base 3razing Alloy
Rlectrically Coupled Specimens:
Copper-Alrminam, QU-A-T50-11
Aluminume, QQ-A-24L-Ab -
Copper-Rickel (70-30)
wone!l-Bronze
stainless Steel {5i6) -
Phosphcr-pronge
Silver Base Biazing Allc - -
Steal, 1009
Aluminume, QQ-A < (-11 -
Bronze
Aluminus, GQU-R-7-0.4p -
Steel, 1009
rump Test
Average Weight loss, my
Steel Gears
Bronze Bushin.
Corrosion Coupons, weight lo-s,
each, mg cwm
Coppert
Aluminum
Steel, galvasnized
Steel, 1009
Silver Base Brazing Alloy
Dielectric Pr rties
Resistivity, F, ohm-cm:
A, -kece:ved ()}
With Sea.Mater Contaninat:on:

A by volume
2.7 by volume
With Carbo.: Jontamination:
C.1% wt. vol.
0.F8 wivol.

0."! wt vl

————

MNethod

e —— e, o

See Chapter 7
Test C-A

broposed mylitary
specification for

298 sea-wate. emulg:-
Al fying oils
O -
[} -
3.2 -
1.4 -
J.X -

ASTM D- 110 (mod-
16 et Sec Chap-

b.'umf‘; te: ., Test E-}
R 02y See Chapter ?
Tesgt E.-

)

Ses Chapter
Tes: 2.6

[FUTENSIVE SHEUPURIR VS NI U U
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Dizlectric Propertivs (Cont;

After 50,000 Electric Arcs
{makes and breaks) st 90
wolts, 10 amperes, resis-
tive load

Not filtered

Piltered

Solids gensrated, jram

Dissipation Factor, 78° p, %

As-Received 3)
With Sea.Mater Contnmauoc‘u

0.1% by volume

0.5 by volume

2.0% by volume
With Carbon Contaminations

0.10%8 wt/vol,

0.25% wt/vol,

0.50€ wt/vol,

After 50,000 glectric Arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Rot filtered

Filtered

Solids generated, Jram
Dielectric Breakdow~ Voltage,
0.05-inch gap, 78° p, kv

As received

With sea.water contamxnatxée)

Q.5% by volume
2.0% by volume
¥ith carbon contamination:
Q.10% wt/vol.
0.25% wt/vol.
0.50% wt/vol.

After 50,00C electric arcs
(makXes ancd breaks) at 3C
volts, 10 amperes, resis-
tive load

Not filtered
Filtered
Solids generated, 7Jram
Contact Life, silver-cadmium, 0
volts, 10 amperes, resist:ive
load, 60CO psi1, 65° B5* F
Number of teats
Operations tc failure {:.- )
Emulsion Stability
Paddle Test, after l-hour sez-
tling:

Cil, ml

EZmuls:ion, ml

Water, m]

Electric Probe Test, time fOr
water separat.on, =min
Material Compat:hility Static 2CKPS™

Butyl
Buna N

O

20.5
<5.0

Fair

Tair

Y £ PO

i
i
|

Method

sos Chapte: 2
Test .7

See Chapter
Test E-2

See Chapter ?
Test £-5

-~

Ses Chepter 2
Teat -6

AST™ D-877 (mcd-
1fied). See Chap-
ter 2., Test E_3
See Chrptoar 2
Test E-5
See Chapter
Test £-§

")

~

See Chapter 2
Test E8

See Chapter ¢
Teal E-n
S«¢ Chaptaer U

o Y T, i

{ Flucrosiiiconn
tBased On atdospheric pIussure Jdala,
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Volatilit
Toxicity

Density, grams/cubic centimeter, at:

Meth od

0 psig
3.000 psig
5,000 psig
8,000 psiy
10,000 psig
15,000 psig
20,000 psig

1
0.8567 0.8380
0.8671 | 0.8501

0.8740
0.8831

0.8884 0.8738

0.9503

0.9112 0.8992

See NLRDL
Annapolia Report
MATLAB 350

isothermal Compressibility, volume

Q0° F 1507

decrease, &, at:
0 paig
3,000 psig '
S psig
8, psig
10, psig
15,000 psig
20,000 psiyg

888

N AN o
RIESLH

See NSRDL
Annapolis Report
MATLAB 340

Chemical Stability
Oxidation Stability Test, °03° F,
hours to fallure
Oxidation Stability Test, 250° F
Hydrolytic Stability Test
Specimeu change, mg
Specimen appearance
Fluid acid number increase,
=g XOH/gram fluid
Water acidity, mg KOH
Insolubles, ¥
Thermal Stability Test
Fire Resigtance
Flash Point, °F
Fire Point, ‘F
Autogeneous Ignition Temperatury, F
Righ-Pressure Spray Combustor
Minimum spontaneous ignition
temperature, °F
Minimum reaction temperature,
hd ]
No indication of fire, F
Maximm pressure change, psi
Lowest temperature of miximum
pressure change, °F
Temperature range explored, °F
Miscellaneous Properties
Pour Point, 'F
Foaming Tendency, 75° F
Toan after S-minute aeration,
nl
Time out, minutes
Foam after 1O-minute settling,
ml
Nevtralization Number, mg XOH/gram
Water Content, ¥ by -eight
Reutrality, qualitative
Contanination
Number and size of particles and
fibers in 100-ml fluid
25-100 micrometers
100-500 micrometers
over 500 micrometers
particles over 250 microm-
sters except fibers (length
ten times diameter)
Gravimetric Value, mg/100 ml
Specific gravity at 60/60° F
Color
Cost $/qal

335

<-70

0.89
$0.75

Availability

Gov. sped.

ASTR D.GA

Fed. Method 5308
Military specifi-
cation MIL-H-
194578

AST™™ D-92

AST™ D-92

ASTM D-2155
See MEL Report
31/66 of March
1967

ASTM D-87
ASTM D-892

ASTM D-OT4
ASTM D-1744
Fed, Method 5101

SAE Method ARP-
598

SAE Method ARP-785

ASTM-D-1208
ASTM D-1

43t.

111-41

Determinations made at atmospheric pressure, unless noted. %atutated with seawater.

2nuvy daposits: indicates corrosion not shot by weight change.
Entire oil circulating system clogged with

Races and balls severely rusted.

¥



Supplementary Propsrties of MIL-L-6081c(1)
(Petroleun Base Fluid)

nsthod
matariz) Cospacibility with? Ses Chapter 11
v S Poor Tant C.3
Matrral Rubleor Poor
Polyursthane Good

*Based un atmospheric p_r—o.s;\;o data,

P11-42
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MIL-H-6083C

gggg&atod Uses and Possible Limitations

The fluid covered by Military Specification MIL-H-6083cC
is a low-viscosity, petroleum-bas=2 fluid which was developed as
an aircraft and missile hydraulic system preservative, It has
the same viscometric properties as MIL-H-5606B fluids, but was
not intended as a working system fluid and lubricant. The
properties of MIL-H-6083C indicate that it can be used for all
mechan.cal purposes at depths to 20,000 fcet with gcod corro-
sion protection and sea-water emulsifying abilities. Its
lubricating ability is marginal and it is highly flammable.
Low electrical resistivity and high dissipation factor make it
a questionable choice fur any electrical application.

111-43




Properties of nn-u.608)c“)

(Petroleum Base Fluid)

Method
Viscometric Propertiss
Viscosity, high shear, cs, at: 35° p 100° » 150° P
0O peig 30.25 n.jgmjl| 7.27
3,000 peig 43.35 15.66 9.2 See NSRDL
5,000 psig 55.28 18.64 | 10.7% Annapolis Report
8,000 psig 77.6% 24.30 | 13.45 MATLAB 340
10,000 peig 101.6 28.59 | 14.02 -
15,000 psig 173.9 42.57 | 21.99 -
20,000 psig 311.7 63.64 | 30.%0 -
Viacosity, low shear, cs, at) 35° g 100° r | 210° »
0 psig kg.o00 15.80 [ 9.k4o
3,000 peig .17 2l.42 | 11.92
5,000 psig 92.71 26.05 | 14.62
8,000 psig 136.8 33.94 18.92
10,000 psig 175.3 35.51 22.13
15,000 psig 325.6 61.13 33.53
20,000 psig 501.2 93.77 u8.27
Viscosity, centistokes, at 210° F, ASTM L-44%
0 psig 4.3
Viscosity Slope, AST™ 0.484 -
Lubricating Abilit
B-Ball Wear Test, 30 min, 50° C, Fed. Method 6502
52100 steel, average scar dia., (modified)
mm: 1 kg 0.12
3 kg 0.15 -
5 kg 0.16 -
Rolling Contact Patigue Test, hr: -
Bl0 life: Dry 20.0
With 1% synthetic 4.5
seawater
B50 life: Dry 50.6
With 1% synthetic 22.0
seawater(J)
Corrosion Protection
Stirred Rust Test, 10% seawater, Pass ASTM D-665
140° F, 2 days
On-Off Rust Test, 50% seawater, pass See Chapter ?
140° F, 30 days Test C.5
Ambient Pressure, coupon See Chapter ¢
stirred, corrosion test, weight Test C-1
changs, og
Copper -20.5 -
Stainless Steel, 316 - 0.1 -
Copper-Nickel (70-30) - 4.6 -
Aluminum, QQ-A-250-4p - 1.1 -
Phosphor-Brongze -15.4
Stesal, galvanized -11.4 -
Stesl, 1009 + 0.3 -
Aluminum, GQ.-a-250-11 + 0.3 -
Bronks - 8.4 -
Monel 0 -
~ilver Base B azing Alloy - 7.1
20,000 PSIG Pressure-Cycled See Chapter 2
Corrosion Test (1% seawater), Test C-2
waight change, nq
Insulated Specimens:
Copper - 6.8 -
Stainless Stesl, 316 0 -
Copper-Nickel (70-30) - 0.4 -
Aluminum, 9Q-A-250-4b - 0.1 -
Phosphor -Bronse - 0.8 -
Steel, galvanized - 0.1 -
Stesl, 1009 - 0.2 -
Aluminum, QQ-A-250-11 - 0.1 -
Bronge - 1,0 -
Nonel - 0.2 -
Silver Base Brazing Alloy - 0% -

Pli-44
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Corrosion Protection (cCont)
Electrically Coupled Specimens:
Copper-Aluminum, QU-A-?50-11
Aluminum QQ-A-250-4b -
Copper-Nickel (70-30)
Monel-Bronze
Stainless Steel (316) .
Phosphor.Bronse
Silver Base Brazing Alloy -
Steel, 1004
Aluminum QQ-A-250-11 -
Bronze
Aluminum QQ-A-250.4b .
Steel, 1009
20,000 PSIC Stirred Corrosion
Test, weight change, mg
Insulated Specimens:
Copper
Stainless Steel, 316
Couper-Nickel (70-30)
Aluminum, QQ-A-250-4b
Phosphor-Bronze
Steel, galvanized
Stee), 1009
Aluminum, QQ-A-250-11
Bronze
Monel
Silver Base Brazing Alloy
Electrically Coupled Specimens:
Copper-Aluminum, QQ-A-250-11
Aluminum, QQ-A-250-4b -
Copper-Nickel {70-30)
Monel-Bronze
Stainless Steel (316) -
Phosphor-Bronze
Silver Base Braziny Alley -
Steel, 1009
Aluminum, QQ-A-Z50-11 -
Bronze
Aluminum, QQ-A-250-4b .
Steel, 1009
Pump Test
Average Weight Loss, mg
Steel Gears
Bronze Busiings
Corrosion Coupons, weight loss,
each, mg/c
Copper
Aluminum
Steel, galvanized
Steel, 1009
Silver Base Brazing Alloy
Dielectric Properties
Resistivity, 7h* ¥, ohm-cmg
Ag -Received
With Sea-Water Contamination:
0.1% by volume
0.5% by volume
2.0% by volume
®1th Cerben Contawinations
0.1% wt/vol.
0.25% wt/vol.
0.5% wt/vol.

- 0.8 -0.1
-~ 0.2 -0.5
~ 0.2 -0.%

0 -0.6
~ 0.3 -0.1
- 0.1 -0.8
- 0.1 0

. D)
PO ENAN OV N -

4

'
N & OOO0.0000000

+0.1 -0.)
+0.2 +0.

+0.2 +0.8

W od

4. ox10*?

Method

— -

See Chapter ¥
Test C-4

Proposed m:litary
specification for
sea-water emulsi-
fying oils

AST™ D-1169 (mod-

1fied) . See Chap-

ter T, Test E-1

See Chapter 2
Teat E-5

See Chapter ?2
Test E.6
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Dielectric Properties !Col\tl

After ‘5_ .535 actric Arcs
(makes and breaks) at 90
volty, 0 ampercs, resis-
tive load

Not filtered

Filtered

Solide generated, gram

Dissipation Factor, py* p, ¥

As-Received
With Sea-Water Contaminaticn,

C.5% by volume(?)
2.0% by volume(?)
With Carbon Contamination:
0.10% wt/vol.
.29% wt/vol.
0.50% wt/vol.

After 50,00" glectric Arce
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered

Filtered

Solids generated, gram
Dielectric Breakdown Voltage,
0.05-inch qap, T4 P, kv

As received

With sea-water contamination:

U.1%¥ by volume
0.5% by volume
?2.0% by volume
With carbon contaminations
0.10% wt/vol.
0.25%¢ wt/vol.
0.50% wt/vol.

After 50,000 electric arcs
(makes and breaks) at 90
volts, 10 amperes, resis-

Method

gee Chapter ? ,

Test B.7
Q.Glow -
2.00100 -
1.00 . {
See Chapter 2
6.1 Test E.2
Ses Chapter 2 :

Test B-5 !

See Chapter 2
Test £-6

10.2 -
1.7 - .

ASTH D-B77 (mod-

ified) . See Chap-

25.% ter 2, Test E-3

See Chapter 2
Teat -5

See Chapter 2
Test E-6

tive load
Not filtered 1.0 -
Fil :ered 26.5 -

Contact Life, silver-cadmium, 50 See Chapter 2 '
volts, 10 amperes, resistive Test E-8 .
load, 6000 psi, 65°-85° F i

Number of tests z -
Operations to izilure (range) T2 04
Emulsion Stability

Paddle Teat, after l-hour set- ASTM D-1401

tling:
0il, ml 40 -
Emulsion, ml 1 -
Water, ml %9 -

Zisctric Probe Test, time for 24 Ses Chapter ©
water ssparation, min Test E-4

Katarial Compatibili:y 8tatic 20xpSI® See Chapter ?

Butyl Poor Tast C-3

Buna N rair-Good -

Viton B Good -

Lthylene-Propylens foor -

Tetraflucroethylens {Teflon) Good -

Reoprens rair -

Thiokol - -

$ilicone Poox O

Pluorosilicone -{+-V L nt

:nnd on atacspharic pressurs data,

{11-486
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Volatility
Toxicity

n:roloJ

Method

2 r

100" ¥

1‘:)0' 3

Dansity, grams/cubic centimster, at;

O paig

2,000 psig
5,000 psig
8,000 peig
10,000 paig
15,000 psiy
20,000 psig

0.8608
0.8795
0.8859
0.8948
0.9003
0.9122

0.8545
0.8560
0.8630
0.8729
0.8786
0.8915
0.9029

0.8253
0.8388
0.8472
0.8573
0.8480
0.8773
0.8898

See WSRDL
Annapolis Report
NATLAB 3.0

l1sothermal Compressibility, volume
dacrease, $, at:

0 pary
3,000 parg
5,000 psiy
8,000 paiy
10,000 psig
15,000 psig
20,000 psig

3T

Pl

1507 F

[ SO —

»

NN e R
e d A
\ﬂ\nub:zsgq)

1.62
2.8
3.7
4.93
5.93
7.24

See NSKDL
Annypofi1s Report
MATLAB 340

Chemical Stability
Oxidation Stability Test, 03¢ F,
hours to failure
Oxidation Stability Teat, 250° F
Hydrolytic Stability Test
Specimen change, mg
Spescimen appaearance
Fluid acid number increase,
mg ROH/gram fluid
Water acidity, mg NDH
Insolubles, %
Thermal Stahility Test
Fire Reasistance
Flash Point, °P
Fire Point, °P
Autogenecus lgnition Temperature, °F
High-Pressure Spray Combuastor
Hinimum spontaneous ignition
temperature, °F
Minimum reaction tempe:ature,
L]
F
No indication of fire, °F
Maximum pressure change, psi
Lowest tennerature of maximum
pressure chanjye, °F
Temperature range explored, °F
Miscellaneous Properties
Pour Point, ‘P
Poaming Tendency, 75° F
Foam after S_minute aeration,
ml
Time out, minutes
Foam after 10-minute settling,
ml
Neutralization Number, mg KOH/gram
Water Content, ¥ by weight
MNeutrality, qualitative
Contamination
Rumber and size of particles and
tfibers in 100-m1 flu:id
25+100 micrometars
10C-500 micrometars
over 500 microweters
particles over 250 microm-
eters except fibers [length
ten times diameter)
Gravimetric Vslue, mq/ /100 mi
Spacific gravity at 60/60° r
Color
Cost 3$/gal

230
235

<75
45

0.87

2.00

%0 rust observed,

Availability B
ipeterminations made at atmospaeric pressure, unless noted.

Gov. eoag

N

ASTM D-943

Fed. Methcd &%CH
Militar, spec:f:-
cation MIL-H-
1944,78

ASTM D-37

ASTM D-37

ASTM D-P15%
S5ee MEL Report
31/66 Gf Mircch
1767

AS'™ DO7
AST™ D-8Q7

ASTH D374
ASTM D-1744
Fed. Method “ 101

SAE Method ARP-
538

SAF Metheod ARP«?’ES{
ASTHM D-1298
AST D-1-0C

“Saturated with seawater.

ettt




Supplementary Froperties of MIL-i-5083¢(})

29:23‘9&5.:!_“51 vithel
mturs Poor
Joor

Method
See Chapter 2

Test C-
]

RIL-4-6083C fluid at 1000 pei, 230 ml of gas (measured at atmospheric pressure and 77° F) was
produced by 115,000 arcs, with no arc suppreseion, at 50-volt open-circuit voltags and S-ampere

closed-circuit curren: on the contacts,

*Based on atmoepheric pressure data.

f11-48
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MIL-L-6085A

gggggatod Uses and Possible Limitations

The fluid covered by MIL-L-6085A is a synthetic-base mate-
rial usually consisting mainly of esters of dibasic organic
acids. It has a low volatility and was developed for use as an
aircraft instrument lubricating oil. The atmcspheric pressure
viscosity of MIL-L-£085A would lead to the prediction that it
might be a satiasfactory general-purpose fluid down to depths of
800C feet. However, this fluid provides some limited corrosion
protection. It is hydrolytically unstable. The low electrical
registivity and very high dissipation factor make its use
questionable around electrical equipment, Before this oil is
used in any application, the designer should consult a list of
compatible materials available from the manufacturer.




Properties of MIL-L-60B5A(1)
(symthetic Brse Pluad)

Viscomstric Properties
Viscosity, centistokes, at:
0 psyg
000 psiy
000 psig
000 ps1ig
000
000
000

paig
peig
ps1g

viscosity, centistokes, at 100°

Viscosity, centistokes, at 210° r, 3.31

O peig
Viscosity Slope, AST™M

35° » 10¢° F 150° F

P 2.7

9.709

1 Me (D:AL .

See NSHLL
Annapolis Report
MATLA. 5.0

ASTH D-44¢

Lubricating Ability
R-Ball Wear Test, 3 min, %0° ¢,
52100 ateel, average scar dia.,
-
1 kg
3 xg
5 kg

Corrosion Protection

Stirred Rust Test, 10% seawater,
1L0° r, 2 days
On-Off Rust Test, SO¥ xeawater,
180° F, 30 days
Ambient Pressure, coupon
stirred, corrcsion test, weight
change, mg
Copper
Sta‘nless Steel, 316
Copper-Nickel (70-%0)
Aluminum, QQ-A-T%)-Ab
Phosphor-Bronze
Steel, jalvanized
2teel, 1009
aluminur, QQ-A-250-11
B:ronze
Monel
Silver Base Brazing Alloy
20,00C *SIG Pressure-Cycles
Correaron Test (1% scawater),
we lght change, my
Insulated Specimens:
Copper
Stainless Steel, 316
Copper-Hickel {70-3)
Alumiaum, O0-A -0 A
Phosphor -Bronss
Stee}l, gJalvawized
Steel, 139G
2luminum, J0-A-TH0A1L
Jronze
M»onel
$§1lwr Tuhe Sraxing Alloy

i
n
n

1
ARSI ol e N
o .

e

[}
% & oo
{ [&RV]
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1

o
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111-50

Fed., Method 650C°
(rodifired)

AST™ D-EE€°

See Chapter 7
Test C-5
See Chapter ¢
Test C-1

i See Chapter |
Test C-.0 i
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Corrosion Protection (Cont)
Elcctrically Coupl;3~$pucxmens:
Copper-Aluminus, Qt=-A-290.11
Aluminum QQ-A-J40Up -
Copper-Nickel (70-30)
None l-Bronze
Stuinless Steel (316) -
Phasphor-Bronze
Silver Base Brazing Alloy -
Steel, 1004
Aluminum QQeA-250-11 -
Bronze
Aluminum QQ-A-250-4b o
Steel, 1009
20,000 PS1G Stirred Corvosion
Test, weight change, mg
Insulated Specimens:
Copper
stainless Steel, 316
Copper-Nickel {70-30)
Atuminum, QQ-A-250-Ub
Phosphor-Bronze
Steel, galvanized
Stecl, 1009
Aluminum, QQ-A-250-11
Bronze
Moncl
Silver Base Brazing Alloy
Electrically Coupled Specimens:
Copper-Aluminum, QQ-A-250-11
Aluminum, QQ-A-2%0-4b -
Copper-Nickel (70-30)
Monel-Bronze
Stainless Steel (516) -
Phosphor-Bronze
Silver Base Braring Alic, -
Steel, 1009
Aluminum, CQQ-A-T00-11 -
sronze
Aluminun, QQ-A-22.G b <
Steel, 1009
Pump Test
Average Weiglt Loss, ny
Stecl Gears
Bronze Bushings
Carrosion Coupons, wricht loss,
each, ng/cr
Copper
Aluninus
Steel, galvanized
Steel, W00
Silver Base Brazing Alloy
Dielectric Properties

Resistivity, 78° P, ohm-cm:
As-Received
With Sea-Water Contamination:

With Carbon Contamination:
U.1% wt/vol.
0.25% wt/vol.
0.5% wt/vol.

8.0x1

)

| Hethod

See Chaptetv @
Test C.4

Proposed milita:y
specification for
sea-water couls' -
fying oils

ASTM D-1169 (mod-

ified). See Chap-

ter 2, Test E-l

See Chapter 2
Test E-5

See Chapter 2
Test E-6

111-51




Dirlectric Properties (Count)
After 50,000 Electric Arce
(makes and breaks) at 90
volts, 10 amperes, resis-

tive load
Not filtered
Filtered
Solids generated, gram
Dissipation Factor, T5* r, %
As-Received
wWith Sea-Water Contamination;
0.1% by volume
0.5 by volume
2.0% by volume
Witk Carbon Contaminationt
0.10% wt/vol.
0.25% wt/vol.
0.50% wt/vol.

After 0,000 Electric Arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered

Filtered

Solids generated, gram
Dielectric Breakdowr. Voltage,
0.05-inch gap, 78* F, kv

As received ’

With sea.water contamination:

0.1% by volume
0.5% by volume
2.0% by volume
With carbon contamination:
0.10% wt/vol.
0.25% wt/vol.
C.50% w*,’'vol.

After 50,000 electric arcs
{makes and breaks) at 90
volts, 10 amperes, resis-
tive load .

Not filtered
Filtered
Solids generated, gram
Contact Life, silver-cadmium, 50
volts, 10 amperes, resistive
load, 6000 psi, 65°-85° F
T Number of tests
Operations to failure {range)
Emulsion 3tability
Paddle Test, after l-hour set-
tling:

0il, ml
Emulsion, ml
Water, ml

Electric Probe Test, time for
water separation, min

Material Compatibility Static 20XPST]
Butyl
Buna N
viton B
Ethylene-Propylene
Tetrafluorcethylene (Teflon)
Neoprene
Thiokol
Silicone

Flvorosilicone

'E.l(‘a on IEIPE.!IC pressure alEl.

Me thod

See Chapter 2
Teat £.7

See Chapter ?

>60 Test E-2
See Chapter 2
Test E-5
See Chapter 2
Test E-6
ASTN D877 (mod-
ified). See Chap-
26.8 ter 2. Test E.)
See Chapter 2
Test E-5
See Chapter 2
Test E-6
See Chapter 2
Test E-8
ASTH D-1401
8 -
T2 -
0 -
See Chapter 2
Test E-4
See Chapter 2
Poor Test C-3
Fair -
Good -
Poox -
Good -
Poor -
Fair -
|_Good -

i11-52
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Volatilitz

Toxtcity

ynthet iq

Method

Density, grams/cubic centimcter, at:

35" F

100" r

10" F

0 psig

10,000 psiyg
15,000 psig
20,000 prig

See NSRDhL
Annapolis Report
MATLAB 340

lIsothermal Corpressibility, volume

357 F

100Y F

1507 F

decrease, %, at:

0 psig
3.000 s iq
$.,000 psig
8,000 psiyg
10,000 psig
15,000 psig

20,000 psig

See NSRDL
Annapolis Report
MATLAB 3L0

Chemical Stability

Fire Resistance

Miscellaneous Propert.es

Oxidation Stability Test, 203° F,
hours *c failure
Oxidation Stability Test, 250° F
Hydrolytic Stability Test
Specimen change, mg
Specimen appearance
Fluid acid number increase,
mg KOH/gram fluid
Water acidity, mg MOH
Insolubles, ¥
Thermal Stability Test

Flash Point, °F
Fire Point, °F
Autogenecus Iqgnition Temperature, °F
High-Pressure Spray Combustor
Minimum spontaneocus ignition
temperature, °F
Minimum reaction temperature,
L]
F
No indication of fire, °F
Maximum pressure change, psi
Lowest remperature of maximum
pressure change, °F
Temperature rance explored, *F

Cost $/gal
Availabiiity

Pour Pcin%:, F
Foaming Tendency, 75° F
Foam after S5-minute aeration,
ml
Time out, minutes
Foam after l0-minute settling,
ml
Neutralization Nuxber, mg KOH/gram
Water Content, % by weight
Neutrality, qualitative
Contamination
Number and size of particles and|
fibers in 100.ml fluid
25-100 micrometers
100-500 micrometers
over 500 micrometers
particles over 250 microm-
eters except fibers (length
ten times diameter)
Gravimetric Value, mg/100 ml
Specific gravity at 60/60° F
Color

' o

385

<-70

$10.00

x

goV. Spes

ASTM D-9H?

Fed. Mcthod 5708
Military sapecitis-
cation MIL-N-
19447B

ASTM D-92
ASTM D-Q2

ASTM D-2155
See MEL Rcoport
31/66 of March
1067

AST™ D-97
ASTM D-89°7

ASTM D-9T4
ASTM D-1T44
Fed. Method %1C1

SAE Method ARP-
598

SAE Mcthod ARP- 785
ASTr. D-1298
ASTM D-1500

lpeterminations made at atmospheric pressure, unless noted.

111-53
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MIL-1%-7808G
Suggested Uses and Possible Limitations

The fluid covered by MIL-L-7808G is a synthetic-base mate-
rial. It was developed originally as a lubricating oil for air-
craft gas turbine engines., The atmospheric viscosity indicates
that MIL-L-7808G would be a general-purpose fluid with a depth
capability of 5000 feet. This fluid provides some limited cor-
rogsion p.-otsction., It has poor hydrolytic stability, Caution
should be used in applying this fluid to electrical equipment
since its resigtivity and its dissipation factor are borderline,
and no data are presently available under arcing conditions.
Before using this fluid the system designer should consult a
list of compatible materials available from the manufacturer.




Properties of NIL-L-7808F
(Synthatic Base Fluid)

n

[

Viscometric Properties
Viscosity, centistokes, at:
O psig
3.000 paig

‘ 5,000 psig

8,000 psig
10,000 psig
19,000 psig
20,000 psig

0 palig
Viscogity Slope, ASTM

viscosity, centistokes, at 100" F,: 17.30
Viscosity, centistokes, at 210° F,| 4.50

3 p 100° F

0.629

| Method -

Soe NSHOL
Annspolis Report
MATLA3 350

ASTM D-445

Lubzicating Ability

mms:
1 kg
3 kg
5 kg

Corrosion Protection

140° F, 2 days

140° F, 30 days
Ambient Pressure, coupon

change, mg
Copper
Stainless Steel, 316
Copper~Nickel (70-30)
Aluminnm, QQ-A~250-4b
Phosphor~Bronze
Steel, galvanized
Steel, 1009
Aluminum, QQ-A-250-11
Bronze
Monel

20,000 PSIG Pressure-Cycled

weight change, mg

Insulated Specimens:
Copper
Stainless Steel, 316
Copper-Nickel {70-30)
Aluminum, QQ-A-250-4p
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Aluminum, QQ-A-250-11
Bronze
Monel

LT_pall Wear Test, 30 min, 50° c,
52100 steel, average scar dia,,

Stirred Rust Test, 10% seawater, |Pass

Oon-0£f Rust Test, 0% seawater,

stirred, corrosion test, weight

Silver Base Brazing Alloy

Corrosion Test (1% seawater),

Silver Rase Brazing Alloy

[

+ ¢
CNOCOHOOGCONW

4
£ 00— b D= = =

red. Method 6503%
(modified)

ASTM D-E6F

See Chapter
Test C-5

Jee Chapter ?
Test C-1

See Chepter 2
Test C-2

I11-56
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Corrusiun Protection fCont)
Electrically Coupled Specimens:

Copper-Aiuminumn, W-A-rH0-11
Aluminum QQ-A.250-4b -
Copper-Nickel (70-30)
honel-Bronze
Stainless Steel (316) -
Phousphor-Bronzv
Silver Base Brazing Allov -
Steel, 1004
Aluminum QU-A-290-11 -
Bronze
Aluminum JO-A-250-4b -
Steel, 100"
20,000 PSIC Stirred Corrosion
Test, weight change, mg
Insulated Specimens:
Copper
Stainless Stezel, 316
Ccpper-Nickel (70-30)
Aluminum, QQ-A-250.4b
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Aluminum, QQ«A-250-11
Bronze
Monel
Siiver Base Brazing Alloy
Electrically Coupled Specimens:
Copper-Aluminum, QU-A-Z5C.12
Alumisum, QQ-A-250-4b -
Copper-Nickel (70-30)
Monel-Bronze
Stainless Steel (516) -
Phosphor«Bronze
Silver Bzse Brazing Rilo -
Steel, 1009
Aluminum, QQ-A.790-11 -
brorze
Aluminum, QQ-A.CI0.4b .
Steel, 10093
Fump Test
Average Weight Loss, mg
Steal Ge:rs
Bronze Bushings
Corrosion Coupons, weigat loss,
each, mg/cm
Copper
Aluminum
Steel, galvanized
Steel, 1009
Silver Base Brazing Alloy
Dielectric Properties
Resistivity, 76° F, ohm-cm:
A8 -Received
With Sea-Water Contamination:
0.1% by volume
0.5% by volume
2.0% by volume
wWith Carbon Contamination:

0.1% wt/vol.
0.25% wt/vol.

0.5% wi/vol. i

2.2x1010

I D S T
F»"»,___ﬂ--~-ﬂ

See Chapter ¢
Test C-4

Proposed military
specification for
sea-water emulsi.-
fying oils

ASTM D-1169 (mod-

ified) . See Chap-

ter 2, Test E-1

See Chapter 2
Test E-5

See Chapte» 2
Test E-€

Fi1-57
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Dielectric Progstti.l ‘Cont!

1 Y4AT M A Electiic Arce

(m-Zes ard oreaks) at 90
volta, 10 asperes, resis-
tive load

Noi filtered
Piltered
Sol:ds generated, gram
Dissipation Pactor, 76* p, %
As~Ruceived
With Sea.Water Contamination;
0.1% by volume
0.5% by volume
£.0% by volume
With Carbon Contamination:
0.10% wt/vol.
0.25% wt/vol,
0.50% wt/vol.

After 50,000 Electric Arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Roi filtered
Filtered
Solids genarated, gram
Dislectric Breakdown Voltag~»,
0.05-inch gap, 76° ¥, kv
As received
“ith sea.water contamination:
0.1% by volume
0.5 by volume
2.0% by volume
¥ith carbon contamination:
0.10% wt/vol.
0.25% wt/vol.
0.50% wt/vol.

After 50,000 elactric arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered
riltared
8olids generatad, gram
Contact Life, ailver-cadmium, 50
volts, 10 ampearas, resistive
load, 6000 psi, 65°-85° p
Number of tests
Operations to failure (range)
Emulgion Stability
Paddle Test, after l-hour set-
tlings

0il, ml
Emulsion, ml

Water, ml

Elsctric Probe Tast, time for
water separxation, min

Material Compatibility Static 20KPSI*
Butyl
Buna N
Viton B
Ethylene-Propylene
Tetrafluoroethylene (Teflon)

Reoprene
Thiokol
Silicone

Fluorosiliicone

5.5

25.6

odn

Poor
Fair
Good
Pour
Good
Poor

Fair
Good

Method

sos Chapter 2
Test B-7

See Chapter 2
- Test B-2
See Chapter 2
- Test E-5
S8e9 Chapter 2
- Teot E-6

ASTM D877 {mod-
ified) . See Chap-
ter 2. Test E-3
See Chapter 2

- ‘Test BE-5

cee Chapter 2

-  ‘Test E-6

See Chapter 2
Test E.8

ASTM D-1401

See Chapter ?
Teat E.4
See Chapter ©
Test C-*

*Baged on atmospheric pressure data.
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Loirvgion Protection (Cont)
Electrically Coupled Specimens:

Copper-Aluminum, W-A-rH0.11

Aluminum QQ-A-Z4%0-4b -
Copper-Nickel (70-30)

Monel -Bronze

Staipless Stee! (316) .
Phosphor ~Bronze

Silver Rase Brazing Alloy -
Steel, 1004

Aluminun QQ-A-250-11 -

Bronze
Aluminum QQ-A~250-4b -
Steel, 1009

20,000 P81G Stirrud Corrosion
Test, weight change, mg
Insulated Specimens:
Copper
Stainless Steel, 316
Cenper-Nickel (70..30)
Aluminum, QQ-A-250-4b
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Aluminum, QQ-A-250-11
Bronze
Monel
Silver Base Brazing Alloy
Electrically Couplied Specimens:
Copper-Aluminum, QL-A-250-1}
Aluminum, QQ-A-2%0-4b -
Copper-Nickel (70-30)
Monel-Bronze
Stainless Steel (316) -
Phosphor-Bronze
Silver Base Braziny Allrn -
Steel, 1009
Aluminum, QQU-A-7*0-11 -
Bronze
Aluminum, QQ-A-7 C.4b -
Steel, 1009
Pump Test
Average Weight Loss, my
Steel Gears
Bronze Bushings
Corrosion Coupons, weight loss,
each, mg/cm
Copper
Aluminum
Steel, galvanized
Steel, 1009
Silver Base Brazing Alloy
Dielectric Properties
Resistivity, 76% F, ohm-cm:
As-Received
Wit , Sea-Water Contaminations
0.1% by volume
0.5% by volume
2.0% by volume
With Carbon Contamination:
0.1% wt/vol.
0.25% wt/vol.
0.5% wt/vol.

2.2x1010

Mcthud_

See Chapter ¢
Test C-H4

Proposed military
specification fer
sea-.water emulsi-
fying oils

ASTM D-1163 (mod-

ified). See Chap-

ter 2. Test E.)

Sce Chapter 2
Test E-5

See Chapter ?
Test E-§

P 11-57




Dielectric P rtise {Can
Altar g.;w ¥lectric Arce

{makes and brests) at 90
volts, 10 amp.ires, resis-
tive load
Bot filtered
Piltered
Solids generatsd, gram
Disaipation Pactor, 76° p, %
As-Received
With Sea-Watsar Contaminations
C.1% by volume
0.5 by voluws
2.08 by volume
with Carbon Contaminations
0.10% wt/vol.
0-25’ “/wlt
0.50% wt/vol.

Ater 50,000 Rlectric Arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered

riltered

£0lids generated, gram
Dielectric Dreakdown Voltage,
0.05-inch qap, 76° P, kv

As received

With sea.water contamination:

¢.1% by volume
0.5% by volume
2.0% by volume
With carbon contamination:
0.108 wt/vol,
0.25% wt/vol.
0.50% wt/vol.

After 50,000 electric arcs
(makes and brecks) at 90
volts, 10 amperes, resis.
tive load

Not filtered
Filteared
Solids generated, gram
Contact lLife, silver-cadmium, 50
volts, 10 amperes, resistive
load, 6000 psi, 65°.85° r
Sumber of tests
Operations to failure (range)

Bmulsion Stabilit
Paddle Test, l‘tur i-hour set.

tlings

0il, ml

Emualsion, ml

Water, ml
Elsctric Probe To "t, time for
water separscion, min

Material Compatibility Static 20XPSI

Butyl
Buna N
Viton p
Ethylene-Propylana
Tetrafluoroethylens {Teflon)
Nesoprens
Thiockol
8ilicone
Tluorosilicone

5'5

odwn

Poor
Fair
Good
Poor

Poor

Pair
Gogd

Method

See Chapte: 2
Test E.7

S8ee Chapter ?
- Test B2
See Chaptar 2
- Test E-5

-

B-n Chapter 2
- Test .6

ASTM D-B877 (mod-
ified). See Chap-
ter 2. Tast E.3
See Chapter 2

- Test E-5

Bec Chapter 2
-  Test E-6

See Chapter 2
Test E.8

ASTM D. 1401

-

See Chapter 2
Teat B4
See Chapter 2

~ Test C.3

-

1

*Based on atrRospharic pressure data,
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Volnlxl:!r
Toxicity

ynthetic

Density, Jgrams/cubic ventimeter, at:

blgﬁihermql Comptessibility, volume

F

QAN SNV

pniy

5,000 psiy
+,000 psiy
8,000 psiy
10,000 psa1iry
14,C00 psig
20,000 ps1y

decrease, 4, atg
Q psiy
3,000 ps1y
5,000 psiry
8,000 psiy
10,000 psiy
15,000 psiy

20,000 psiy

)
-

IV F

e

1T F T T F S

Chemical Stability

Fire Resistance

Miscellaneous Properties

Oxi1dation 3tability Test, 203° F,

hours to failure

Oxidatiun Stability Test, 250

Hydrolytic Stability Test
Specimen change, mg
Specimen appearance
Fluid acid number increasc,
mg KOH/gram fluid
Water acidity, mg KOH
Insolubles, %

Thermal Stability Test

°

F

Flash Point, °F
Fire Point, °F
Autogeneous Ignition Temperature, °F
rdigh-Pressure Spray Combustnr
Minimum spontaneous ignition
temperature, °F
Mminimum reaction temrperature,
°F
No indication of fire, °F
Maximum pressure change, psi
Lowest temperature of maximum
pressure change, F
Temperature range explored, °F

Pour Point, 'F
Foaming Tendency, 7%° F
Foam after S-minute aeration,
ml
Tine out, minutes
Foam after 10-minute settling,
ml
Neutralization Number, my KOH/gram
Wwater Content, ¥ by welight
Neutrality, qualitative
Contamination
Number and size of particles and
fibers in 100-ml fluid
252100 micrometers
100-500 micrometers
cver 50( aicrometers
pariicles over 00 microem-
et>rs 2xcept libers {length
ten times diametor)

Gravimetric Value, my/ 100 ml

415
145

<=0

Specific gravity at (0 6J°F 03
Color
Cost t/qgal 55 10
Availabil:ty o EO‘;._SPCC;
lDoturmma‘ iong made at atmospheric pressure,

t

0.11
satisfiyr
0.20

nil

JRURONUY W

unless noted
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Sec NSRDL
Annapolis
MATLAB *'<

See NSKLL
Annapulis

e
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MATLAL 2 C

ASTM Dbl

Fed. Mcthod ©2CH
Military specit.-
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194871

ASTM L -}
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i

Sce Mei Report
41/6€6 «f March
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ASTM D=7
hSTH D8

AS'TM D374
ASTM D-174kL
Fed, Meothod 10
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ASTM D-10
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Supplemsatary Properties of lm.-}--'lﬂw(l)

thod
Material Compatibility with#l [T ntar 2
Teat c-§

Natural Rubber
Polyurethanse
Buna 8

*Based on atmospheric pregsurs data.




S crmiannd [N

Suggested Usee and Possible Limitations

Tie fluid covered by the Military Specification MIL-L-
T8TOA is a petroleum-base fluid developed for a low-temperature,
general.purpose lubricant. The atwospheric pressure viscosity
of MIL-L-TOTOA would lead to the prediction that it would be
suitable for a general-purpose fluid for depth capability of
8000 feet. 1Its resistivity is low and its dissipation factor
is high, making its use around elesctrical equipment questionable.
It offers some limited corrosion protection. The low flash
and fire points indicate that this fluid is readily flammable,
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Properties of IIL-L-'TB?m( 1)

{Petroleum Base rluid)

Viscometric Properties

Viscusity, <o tistokes, ati

C psiy

3,000 psig

5,000 psig

8,000 psig

10,000 psig

15,000 psg

20,000 psig

Viacosity, centistokes, at 170° P,
viscosity, centistokes, at 210° r,

0 psig
Viscosity Slope, 7 STN

35° p 100° r

150° »

Me thod

See NSRDL
Annapolis Report
NATLAB 350

ASTN D445

Lubricating Ability
[ -Ball Wear Test, 30 min, 50* C,
62100 steel, average svar dia.,
mmy
1l kg
3 kg
S kg

Corrosion Protection

Stirred P_.: Test, l0% seawater,
140° r, 2 days
On-Off Rust Test, 50% seawater,
140* F, 30 days
Ambient Pressure, cocupon
stirred, corrosion test, weight
change, ™9
Copper
Stainless Steel, 316
‘Copper-Nickel (70-30
Aluminum, QQ-A-250.4
Phasphor-Bronze
Steel, galvanizsd
Steel, 1009
Aluminum, QQ-2-250-11
Bronze
Monel
Silver Base Brazing Alloy
20,000 PSIG Pressure-Cycled
Corrosion Test (1% secawater),
weight change, mg
Insulated Specimens:
Copper
Stainless Steel, 316
Copper-Nickel (70-30)
Aluminun, QQ-A-250.4b
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Aluminum, QQ-A-250-11
Bronxe
Monel

]
ONOOOP'\’ONO
VRN AEEFENDON O =~

[ ) (G S
)

]
-

Fed. Nethod CJY03
(modified)

-

AST™ D-665

See Chapter 2
Test C-5
See Chapter 2
Teat C-1

See Chapter 2
Test C-2

Silver Base Brazing Alloy

»

A

e e
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Carttoston Pratection (Cont)

- RIeCtrtcally Couplvad S$p oimans:
Coppet <Aluminun, A0 T
Aluminum QU-ATLUAD o

coppee-Nickel (70-%0)
Mone ]l -Bronze
Stainless Steel (216) -
Phosphor-Bronso
Silver Base Brazing Alloy -
Steel, 1004
Aluminum QA J4011 -

fPronze
Alurinum QU-A-C*C-4b .
Steel, 1000

20,000 PSIG Stirred Corrosion
Test, weight change, my
Insulated Specimens:
Copper
Stainless Steel, 316
copper-Nickel {70-30)
Aluminum, QU-A-250-4Db
Phosphor-Bronze
Steel, galvantzed
Steel, 1009
Aluminum, QQ-A-T%0-11
Bronze
Monel
Siltver Base Brazing Alloy
Electrically Coupled Specimens:
Copper-Aluminum, QU-A-250-11
Aluminum, QQ-A-290-4b -
Copper<Nickel (70-30)
Monel-Bronze
Stainless Steel {316) -
Phosphor-Bronzc
Silver Base Brazing Allc:
Steel, 1009
Aluminun, QQ-A-2C0-11 -
Bronze
Aluminum, 0Q-A-75C0-4b -
Steel, 1009
Pump Test '
Average Weight Loss, mg
Steel Gears
Bronze Bushings
Corrosion Coupons, weight loss,
each, mg/:
Copper
Aluminum
Steel, galvanized
Steel, 1009
Silver Base Brazing Alloy
Dielectric Properties
Resistivity, 78°F, ohm-cm:
As-Received
With Sea.Nater Contamination:
0.1¥ by volume
0.5% by volume
2.0% by volume
With Carbon Contamination:
0.1% wt/vol.
0.25%¢ wt/vol.

0.5% wt/vol.

7.6x109

Mo thod

Sce Chapter o
Test C-4

Proposed military
specification for
sea-water emulsi-
fying oils

AST™ D-1169 (mod-

ified). See Ciap-

ter 2. Test E-1

See Chapter 2
Test E-5

See Chapter 2
Test E-€

-
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Liclectrie Properties Cuntl
Atte: ‘ih W Elevtric Arcs

(makes ani breaks) at 90
volts, 10 mpetes, 1esis-
tive load
Not filtered
Filtered
Sulids yenerated, yram
Dissipation Factor, (8° F, %
As-Received
With Sea-Water Contaminations
Q1% by volume
0.5¢ by volume
2.0% by volume
With Carbon Cuntaminations
0.10% wt/vol.
C.09%% wt/vol.
0.50% wt/vol,

After 50,000 Electric Arcs
{makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered

Filtered

Solids generated, gram
Dielectric Breakdown Voltage,
0.05-inch gap, 78° F, kv

As received

With sea-water contamination:

0.1% by volume
0.5% by volume
2.0% by volume
With carbon contamination:
0.10% wt/vol.
0.25% wt/vol.
0.50% wt/vol.

After 50,000 electric arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered
Filtered
Solids generaced, gram
Contact Life, gilver-cadmium, 0
volts, 10 amperes, resistive
load, 6000 psi, 65°-85° F
Number of tests
Gperations to failure (range)
Emulsion Stability
Paddle Test, after l-hour set-
tling:

0il, ml

Emulsion, ml

Water, ml

Electric Probe Test, time for

water separation, min
Material Compatibility Static 20KPSI

Butyl

Buna N

Viton B

Ethylene-Propylene

Tetrafluoroethylene (Teflon)

Neoprene

Thioknl

Silicone

Fluorosilicone

1.4

30.4

Poor
Good
Gooda
Poor
Good
Fair

Fair
Fair

T et

[

o —

See Chapter ¢
Teat E-7

See Chapter
Test E-2

See Chapter ¢
Test E-5

See Chapter 2?2
Test E-6

ASTM D-877 (mcd-

ified) . See Chap-

ter 2. Test E-3

See Chapter 2
Test E-5

See Chapt:r 2
Test E-6

See Chapter 2
Test E.J

ASTM I 1401

See Chapter 2
Test E-4
See Chapter 2
Test C-3

*Based on atmospheric pressure data.
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Ve latility
ToNe Lty
— o

Mn SN i centime Tor o atg

pretrolvum
IR

T T
S

SO0 paiyg
0O s
OO0 paat
10,000 psiag
1,000 psg

TOLOC0 by

[t At S A S
Jdeviease, . oats:

O pyyg
2000 g
CLOC0 peg
BL,00C¢ psg
10,000 peityg
14,000 psg

20,000 vsag

TR

“Chemical Srab: ity
oxwdation stability
hours ta fatlure
oxtdacion Stability Test,
Hydrolytic Stability Test
Specinen change, Ty
Specimen appearance
Fluid actid number inclrease,
oy WOHL/gram £lund
Water acidity, mg KOn
Insolubles, 0
Thermal Stability Test
Fire Restistance

Test, 203° F,

NN

TR

NHkDY
Annapclis koo
MATLAYN ‘'

Yo

PN . - - -
Scee Robbl
Anttate by
MATIAL L0

et

ASTM DK T

lethiced A

O -

fod,
Militar,
cation MlL-l-

1940 7n

Flash Point, “F 285 ASTM D05
Fire Point, °F 310 ASTN DO
Autogencous lIgnition Tcmp(‘rrdt\'re,"f‘ ASTM D-T1VL
High-Pressurce Svray Combustor Sco NEL Report
Minimum spontanecous ignition 41/6€ ol NMarch
temperature, °F 1267
Minimum recction temperature, -
°F
No indication of fire, °F -
Maxiaum pressure change, psi -
Lowest temperature of maximum -
pressure chanje, °F
Temperature ringe explorec, °F -
Hiscellaneous Properties
pouxr Point, 'F .-70 ASTM D-37
Foarming Tendency, 75° F ASTM D-EIZ
Foam after S-minute aeration, -
ml
Time out, minutes -
Foam after 1Q.minute settling, -
ml
Neutralization Number, mg KOH/gram ASTM D-OT4
wWater Content, 5 by weight ASTM D-1T7H4
Neutrality, qualitative Fed. Method ©1C1
Contamination -
Number ard size of particles and SAE Mcthod ARP-
fipers in )00-ml fluid 598
?25-100 micrometers -
100-500 micrometers -
over 500 micrometers -
particles over 250 microm- - -
ctevs except fibers (length
ten times diameter)
Gravimetric Value, wg/100 ml SAE Mcthod ARP-7785
Specific gravity at 70/60° F 0.876 ASTM D-1.98
Color ASTM D-1%0C
Cost 3/gal $1.30 -
Availability kjov. spec]. -

lDeterminations made at atrospheric pressuce,

unless noted.
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Supplementary Properties of urL-p-7870a(1)

J Me thod
Material Compatibility with See Chapter 2
Buna § Poor Test C.3
Natural Rubber Poor
Polyurethane Good J

*Based on atmospheric pressure data,

{7

]
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MIL-C-8188C

Suygested Uses and Possible Limitations

The fluid covered by Military Specification MIL.-C-8188c
is a corrosion-inhibited, synthetic-based o0il which was devel-
oped as a corrosicn-preventive oil for the presecvation of
engines which operated on MIL-L-7808 oil. 1% has poor hydro-
lytic stability. The viscosity of MIL-C-8188C 1lt¢ads to the
prediction that it could be used at depth capability of 6000
feet., 1Its poor dielectric properties make it unsatisfactory
for use in electrical equipment, Before using this fluid, the
system designer should consult a list of compatible materials
available from the mamvfacturer,
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Propert.es of MIL C BLHHC(”
(synthotic Base Fluid)

Viscomettic Proper! les

-\;’_xﬂ—x';.f\'n.',-, centistokes, at; $%° P 100Y ¢ 11 0Y
QO puig '
3,000 psiy
H,000 psig
B,000 pyig
10,000 psiy
15,000 psiy
C0,000 puy
Viscosity, centistokes, at 100° F, 14,14
Viscogity, centistokes, at 210° F, 5.90
Q psiy
__Viscosity Slope, ASTM 0. 64y
Lubricating Ability -
T Ball Wear Test, 30 min, %0° C,
52100 steel, average scar dia.,
mm
1 kg
3 kg
5 kg
Corrosion Protestion
Stirred Rust Test, 0% seawater,
140° F, 2 days
On-Off Rust Test, 50% se.wcter,
140° F, 30 davs
Ambient Pressure, coupon
stirred, corrosion test, weight
change, mg
Cepper -27.6
Stainless Steel, 316 G
Copper-Nickel (70-3%0) - 9.4
Aluminum, QQ-A-250-4b + 0.3
Phosphor-Bronre -12.7
Steel, galvanized - 1.7
Steel, 1009 0
Aluminum, QQ-A-250-11 + 0.2
Bronze -8
Monel - 1.8
Silver Base Brazing Alloy - 7.7

20,000 PSIG Pressure-Cycled
Corrosion Test (1% seawater),
weight change, ng

insulated Specimens:
Coppet
Stainless Steel, 316
Copper-Nickel (70-30)
Aluminum, QQ-A-{50-4Db
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Aluminum, QQ-A-250-11
3ronze
Monel
Silver Base Brazing Alloy

TMorhod

See NOKDL
Acnapc ]
MATLAL %00

Ko o

ASTM DAl

Fed. Method f00 7
{rodified)

ASTM D-€€5

See Chapter ¢
Test C-5
See Chapter ©
Test C-1

See Chapter ¢
Test C-~-2
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Vet tosten

LRIRA SN 1Y _\‘CUIII 3
| SRESTLR A

i .'.Tx';-' L‘\-tx;rllrk' niecinonsg
Voo sA N, =AU
Aluminus Ly -A-l -4 -

Copipe 2 =Nichel (70-40)
MonclaBronge
Statrless Suectl (416) -
Plarsphuct =bon,
Hrlver @faxe Brasing Attoyv .
Steel, o0u
Aluminum Jo=A- *0-11 -
Bronze
Aluntnun Q=AU b -
Stev), ICMW
0,000 PSIC Stirved Cortosiun
Test, wetght vhanae, mg
Ipaulated Specin.an:
Coppet
staintess stoel, 216
Couper-Nickel (70-3C)
Alurinum, W-A-THCAL
Phosphaor -Bronse
stoei, yalvany zed
Steal, (10
Alurors am, W=A-T00L0
Bronve
Monel
Stlver Base Braraing Alloy
Electrically Coupled Specimens:
Copper-Aluminum, QJ-A-TL0-11
Aluninum, Qu-A-TL0<4DL -
Copper-Nickel {70-10)
Monel-Bronze
Stainless Steel (416 -
Phosphor-Bronze
Si1lver Base Brasing Attt
Stueel, 10090
Alurinum, (Q-A-7_0=11 -
Lhronzo
Alurinum, Qu-A-T 0 Gb -
srecl, 1009
Pump Teut
Averaj> Weight Loss, g
Steuvl Gears
Bronze Bushinuas
Corroszion Coupons. weiqght loss,
each, :ng/'-::\‘r
Copper
Aluminun
Steel, galvanized
Steel, 10CO
Silver Base Brazing Alloy
Dielectric Properties
Resaistivity, 78° F, ohm-cm:
As-Reccived

S

Sve Cha o o

T Fetot

Test C-4

Proposcd militar:
snec, fication fod
SCU-WItCY vIuLi. -
fying oils

ASTM D-11€5 (:sod-
ified}. See Chane
ter 2. Test Ead

With Sea-Water Contan:nations See Chapter 2
0.1% by volume Test‘E-S
0.53 by volume -

Z.0% by volune -

wWith Carpon Contamination: Sce Cltapter o
0.17 wt/vol. Test E-6
0.2% wt/vol. -

0.5% wt/vol. -

é
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Dietectric Pr%gsrties ‘Conl!
riter . Electric Arcs
(makes and breaks) at 90
volts, 103 amperes, resisa.
tive load
Not [iltered
Filtered
Solids generated, gram
Disstpation Factor, 76° F. &
As-Received
With Sea-Water Contamination)
0.1% by volume
0.5% by volume
2.0% by volume
With Carbon Coataminationt
0.10% w*/vol.
0.25%% wt/vol.
0.50% wifvol.

After 50,000 Electric Arcs
(makes and reaks) at 90
volts, 10 anperes, regis-
tive load

Not filtered

Filterel

Solids gsnsr>ted, gram
Jielectric Breakdown Voltage,
0.0y-inch gap. 78* F, kv’

ks received

With sea.water contanination:

0.1%¢ by volume
C.5% by volume
2.0% by volume
With carb»n contamination:
0.10% wt/vol.
0.25% -+t/vol.
0.50% wt/vol.

After 50,000 electric arcs
(makes and breaks) at G0
volts, 10 amperes, resis-
tive load

Not filtered
Filtered
Solids geresrated, gram
Contact Life, silver.cadmium, 50
volts, 10 ampere=, resistive
load, 600C psi, 65*-85° F
Number of tests
Operations to failure (range)
Emulsion Stability
Paddle Tes:, after l-hour set-
tling:

0il, ml
Emulsion, ml

Water, ml

Electric Probe Test, time for

water separation, min
Material Compatibility Static 20KPSH

Butyl '

Buna N

Viten B

Ethylene-Propylene

Tetrafluorcethylene (Teflon)

Neoprene

Thickol

Silicane

Fluorosilicone

>60

25.2

§o8

Poor
Fair

Poor
Good
Poor

Fair
Gaad

Me ®hod

Ses Chapter 2
Test E-T7

~

Sce Chapter 2
Tost E.-2
See Chapter 2
Tast E-S5
See Chapter 2
T2st E-6

ASTM D-577 (mold-

ified) . See Chap-

ter £ « Test E=J

See Chapter 2
Test E-5

See Chapter 2
Test E-6

See Chapter 2
Test E-8

ASTM D-1401

See Chapter 2
Test E-4

See Chapter 2
Test C-3

*PBased on atmospheric pressure data.
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Volat ity

LS A Synthietig
Qy_l[n‘xlt_i, gJtamseubae centor o, at, 9 V*:m J—lt‘-ﬁ"‘l-‘m»‘—.l«'_&")’_ml‘h
Q pary - S NEKDI,
5,000 pag i . Annapolis Repaont
H,000 patg MATLAL 1.0

00T prtyg ) H
1Q,000 psig
16,000 s

- e T

TTF WO T O T
dectoase, ¥, ot T o See RERLLL
oty Annapulis Repornt
1,000 psig MATIAY 400

4,000 pay
8,000 psy
10,000 psiygy
14.000 psig
20,000 nsig
Chomiczl Stability

- B D .

Oxi1dation Stabiliry Test, 203° F, ASTM D-OL?
houss to failure
Oxtdation stabilily Test, O60° F red. Methad 208
flydrolytic Stability Test filitary speciti-
Spesimen change, mg cation M1lL-li-
Spegiren appearauce Rat T
Fluid acid number incroase, -
™y KOH/gram fluid :
Water ~-idity, mg RKO!U -
Inzolubles, ¢ -
Thermal Stability Test -
Fire Resistance
~ "Flash Point, °F 455 ASIM D-IT
Fire Point, °F 500 ASTN D-OP
Autogeneous Igritiot Temperuture,°F ASTM D-T1UY,

Sce MLL Repor:t

High-Pressure Spray Combustor
£1/66 of March

Mininum spontan@ous ignition

temperature, °F 1947
Minimum reaction temperature, - - .
°F
No indication of fire, °F -
Niximud pressure change, pst "
Lowest temperature o: maximum -
pressure change, °F
Temperature ranue >xplored, °F P-
Miscellaneous Propertics
Pcur Point, 'F - <=5 ASTM D-OT
Foaming Tendency, 75" F ASTH D-HIT
Foam after S-minute aeration, -
nl
Time out, minutes .
Foam sfter 10-minute scttling, -
nl
Neatralization Number, mg KOH/gram ASTN D-QTH
Water Content, & by weight ASTM D-17L4
Neutrality, gualitative Fed. Method 5101
Contamination -
Number and size of particles and SAE Mcthod PRP-
fibers in 100-ml fluid 598
25-100 micrometers -
100-500 micrometers -
over 500 rmicrometers -
particles over 250 microm- -
eters except fibers (length X
ten times diameter)
Gravimetric Value, mg/100 ml SAE Method ARP-78H
Specific gravity at 60/60°F 0.933 ASTM D-1298
Color ASTM D-150C
Cost $/gal $5.30 -
Availability jov. specl. -

lbeteminations made at atmospheric pressure, unless noted.
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Supp Imontary Properties of MIL-C-8188c(1)

111-72

J Method j
Material Cowpatibility with See Chapter ¢
Test C-.
Natural Rubber Poor 3
Polyurethane Poor
Runa S Poor J
*Based on atmospheric ﬁruanure data. o



MIL-F-17111

Suggested Uses and Possible Limitations

The fluid covered by Military Specification MIL.F-17111 is
a petroleum-base fluid which was developed as a hydraulic fluid
for ordnance hydraulic systems. The viscosity at atmospheric
pregsure of MIL-F-~17111 leads to the prediction that this fluid
would be a satisfactory general-purpose fluid to depth capa-
bility of 5000 feet only. It provides some degree of corrosion
protection and it is highly flammable. 1Initial dielectric
properties are good, but additional information relating to its
electrical application is 1:_king.




(1)

Properties of MIL-F-17111
(Petroleum Base Fluid)

F Method

Tomet e Propertiey

Viscosity, centistokes, atg 35° F 100° F 1490° F
C psiy
3,000 psiy Sec¢ NSKDLL
5,000 psiy Annapolis Kepor!
8,000 psiy MATLAB 340
10,000 psiyg -

14,000 psiy -
00,000 psy -

Viscosity, centistokes, at 100° F{ 28.8

Viscosity, centistokes, at 210° F,|] 10.14 ASTM D-44¢,
C psiy
Viscosity Slope, ASTM 0.391 -
Lubricating Ability
L_Ball Wear Test, 30 min, 50° C, Fed. Method €50%
52100 steel, average scar dia,, (modified)
mm:
1 kg -
3 kg -
5 okg -

Corrosion Protection

stirred Rust Test, 10% seawater, pass ASTM Dp-€65
140° F, 2 days
On-Off Rust Test, S07 scawater, pass See Chapter ?
140° F, 3C days Test C-5
Ambient Pressure, coupon See Chapter 2
stirred, corrosion test, weight Test C-1
change, mg
Copper
Stainless Steel, 316
Copper-Nickeli (70-30)
Aluminum, QQ-A-250-4b
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Aluminum, QQ-A-250-11
Bronze
Monel l
Silver Bagse Brazing Alloy
20,000 PSIC Pressure-Cycled See Chapter ¢
Corresion Test (1% secawater), Test C-2
welght change, mg
Insulated Specimenss
Copper -
Stainless Steel, 316 -
Copper-Nickel (7G-30) -
Aluminum, GQ-A-250-4b -
Phusphor-Bronze -
Steel, galvanized -
Steel, 1CG0O9 -
Aluminum, QQ-A-750-11 -
Bronze -
Monel -
Silver Base Bra 1iny Alloy I O i ]

+
-
'

+

3
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Cuoienten Paoteston (ot
- _'“.Ii—ir:"-a-;_\‘_.-‘~l~!.‘- ‘\,': :{;.ﬁl \'.Al‘ Sieeime iy
Coopot SAlum i, o =A -0 weid
Alurinuer W-A- O2AhL -
Voppe-Niekel (70-40)
Mone beDivonze
Stainless Stecl (“10) -
Vtosplasy wHron G
Silver Booe Bracsing Alley -
Nred b, OON
Aluaands: o=\ -" " tall .
Bronse
Aluminuo Q=AU C0L -
Steel, 100
SO, N0 PSLG Starred Correson
Tent, wel bt change,
Insulated geeciren o
Coppet
Starnl sx Srect, ‘16
Copper-Nickel (7vV-30)
Atuminum, QG-ATHCWAL
phoasphor-Bronse
Steel, -jalvantzed
Steel, 100D
Aluminum, QU-A-THU-T1
Bronze
Monel
Silver Basc Brazing Alloy
Electrically Coupled Specimens:
Copper-Aluminum, QUQ-ATN0-11
Aluninum, QU-A-2RCLUp -
Copper-Nickel (70-20)
Monel-Bronze
Stainless Steel (516) -
phosphor-Bronze
Silver Base Braring Allc - -
Steel, 1009
Aluminum, QQ-A-ILO-11 -
Bronze
Aluminum, QQ-A-I-0-'b -
Steel, 1009
Punp Test
Average Weight Loss, my
Steel Gears
Bronze Bushings
Corrosion Coupons, weight loss,
each, mg/cm€
Copper
Aluminum
Stecl, galvanized
Steel, 1009
Silver Base Brazing Alloy
Dielectric Properties

Resistivity, 77° F, ohm-cm:

As-Received

With Sea-Water Contamination:
0.1¢ by volume
0.5% by volume
Zz.0% by volume

With Carbon Contamrination:
0.1% wt/vol.
0.25% wt/vol.
0 5% wt/vol.

(103 scawater)

0.01
0.03
Q.25
0.05
0.03

8.2x101

LR T

Scee Chapter o
Test C-h

Propescd militar )
specification for
sca-water emulsi-
fying oi1ls

ASTM D-1158 (rod-
ified). Sce Chap-
ter 2. Test E-1

Chapter 2
Test E-5

Chapter 7
Test E-6

111-75
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e AR, AT, SRR R IR IM“

Dielectiic Properties !Cont)

XYT:T_367§66~E1;5T710 Arcs
(makes and Lreiks) at Yo
volts, 10 ampervs, tesise-
tove toad

Not tilterea
Filtered
Sulras gyearrvated, gtram
Dissipation Factor, e F, %
As-Received
With Sca-Water Contaminations
0.14 by volume
0.5 by volume
2.04 by \o'une
With Carbon ¢« ntaminations
0,104 wt/vel,
208 wt/vol,
0.50% wt/vol.

After 50,000 Electric Arcs
{makes nnd breaks) at 90
volts, 10 amperes, resis-
tive lnad

Not filtered

Filtered

Sulids generated, gram
Dielectric 3veakdown Voltage,
0.0%-inch gap, T7° F, kv

As received

With gea.water contamination:

0.1% by volume
0.5% by volume
2.0% by volume
With carben contamination:
0.10% wt/vol.
0.25% wt/voi.
0.50% wt/vol.

After 50,000 elcctiic arcs
(makes and breaks) at 90
volts, 1V amperes, resis-
tive load

Not filtered
Filtered
Solids yene..*ed, gram
Cortact Life, silver-cadmivm, 50
volts, 10 amperes, resistive
load, 6000 psi, 65°-85° F
Number of tests
Operations to failure (range)

Emulsion Stability

Paddls Tect, after l-hcur .et-

tling: o

O1l, mi

Emulsion, ml

Watur, ml
klectric Probe Test, time for
watcer scparat.on, .air

Material Compatibility Static 20KPSI

Butyl

Buna N

Viton B

Ethylene-Propvlene
Tetraflucruethylene (Teflon)
Neoprene

Thiokol

Silicone

Fluorosilicone

1.9

23.2

1
79
0

Poor

Fair-good

Gond
Poor
Good
Fair
P.or
Poorx

e

| hethod N
Bee Chap-cr ¥
Test E-T

See Chapter ¢
rest -7
See Chapter
Test E-Y

N

See Chapter ?
- Teset E-6

ASTM DBTT (mod-

ified). See Chap~

ter 2. Test E-3

See Chapter 2
Test E-5

See Chapter 2
Test E-6

See Chapter 2
Test E-8

ASTM D-1401

See Chapter 2
Test E-L
See Chapter 2
Test C-3

*Bas2d on aimospheric preasuare data.
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Volatifity
Toxicit Y

Patroleuny

Density, gJrams/cubic centimeter, ate

Y

1C07 ¢

1507

T

QO ps1gy
3,000 pary
HO00 vty
8,000 paty
10,000 psag
15,000 psig

2Q,000 psty

.l_si\_tncl?r;x‘.n_l Compressibility, valume
doctease, 1, atz o

0 psiy
3,000 paig
6,000 pain
3,00C psiyg
10,000 psiy
15,000 psaig
20,000 psiy

Mo od

Sce NSRUL
Annapalin Report
MATLAHN 240

See NSKLL
Annapoils Repsrt
MATLAB ‘L0

1

vl
!

[
L

e
[ —

[ -y
ol

[N——

T
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Chemical Stubilaty
Oxi1dation Stability Test,
hours to failure
Oxidation Stability Test,
Hydroly®ic Stability Test
Specimen change, mg
Specimen appearance
Fluid acid number increasc,
g KOH/gram fluid
Water acidity, mg KOH
Insolubles, ¥
Therr.:l Stability Test
Fire Resistunce

s03° F,

°50° ¥

Flzash Point, °F ~220 ASTN, D-O7
Fire Point, °F 2235 ASTN D05
Autogeneous Ignition Temperature,®H ASTM D-215%
High-Pressure Spray Ccmbustor Sce MEL Renort
Minimum spontaneous ignition €} /16 ~f MNareh
temperature, °F 1067
Minimum reaction temperature, - -
L]
F
No indication of fire, °F -
Maximum pressure change, psi -
Lowest temperature of maximum -
pressure change, °F
Terperature range explored, °F -
Miscellaneocus Properties
pour Point, F <-40 AST™ D-I7
Foaming Tendency, 75° F ASTM D-892
Foam after S-minute aeration, -
ml
Time out, minutes -
Foam after 10-minute settling, -
ml
Neutralization Number, mg KOH/gram ASTN D-OTH
Water Content, % by weight 0.010 ASTN D-174%4
Neutrality, qualitative Fed. Method %101
Contaminzation -
Nurber and sire of particles and SAE Method ARP-
fibers in 100-ml fluiAd 598
25-100 micrometers -
100-500 micrometers -
over 500 micrometers -
particles over 250 microm- -
eters except fibers (length
ten times diameter)
Gravimetric Value, mg/100 ml SAE Ncthod ARP-78%
Specific gravity, 60/GO°F 0.856 -
Color ASTM D-1500
Cost $/qal $5.00 -
Availability gov. spec -

ASTN D903

Fed. Method L20E
2ilitary speciti-
wation MIiL-ll-
194571

lpeterminations made at atmospheric pressurc, unless noted.

=77
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Supplemsentar, Properties of l!L-!-l?lll(l)

Material Compatibilicy wirh.1

Buna § Poor

| Matural PilLper Poor
ase” on atmospheric pressurs data.
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Ses Chapter ?
Test C-3
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MIL-L-17672, MS 2110-TH

Suggested Uses and Possible Limitations

The fluids covered by MIL-L-17672 are petroleum-base fluids
which are intended for use as hydraulic fluids and light steam
turbine lubricants. The fluid described here is Military Sym-
bol (MS) 2110-TH. Although MIL-L-17672, MS 2110-TH, is used in
present-day submarines, its high viscosity eliminates its use
in most deep ocear applications.
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properties of MIL-L-176728, msz11om(l)

(Petroleum Base Fluid)

Viscometric Properties

Viscosity, centist kes, at:

O psiy

3,000 pairyg

5,000 psiy

7,000 psig

10,000 psiyg

19,000 psig

20,000 puiy

Viscosity, centistokes, at 210° F,

0 psig
Viscosity Slope, ASTM

35° F

100° F

T

150° F

338.1
628.4
Y84 .4
1776
2626
63col )
17,400(%7

5.25
0.771

35.68

99.23

79.88
125.4
167.0
334.1
660.8

12.69
18.71
Sho4e
39.15
44,76
80.04
140.9

T Thettod

See NSKDL
Annapolis kepornt
MATLAB 3.0

ASTM D-4L4Y

Lubricating Ability
-pall wear Test, 30 min, 50° C,
52100 steel, average scar dia.,
wms
5 ka
10 kg
20 kg
3N kg

Corrosion Protection

Stirred Rust Test, 10% seawater,
140° F, 2 days
on-Off Rust Test, 50% seawater,
140° F, 30 days
Ambient Pressure, coupon
stirred, corrosion test, weight
change, mg
Copper
Stainless Steel, 316
Copper-Nickel (70-30)
Aluminum, QQ-A-250-Uy
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Aluminum, QQ-A-250-11
Bronze
Mcnel
Silver Base Brazing Alloy
20,000 PSIG Pressure-Cycled
Corrosion -+ (1% seawater),
weight change, <7
Insulated Specimens:
Copper
Stainless Steel, 716
Copper-Nickel (70-30)
Alumiaum, GQ-A-250-4b
Phospher~Bronze
Stecl, galvanized
Steel, 1009
Alumipum, QQ-A-250-11
Bronze
“onel
Silver Pase h.azing Allny

Dry

i

Seawater

1% Seawater

Dry argon

Wet

Wet Oxygen

0.17
0.24
0.27
0.72

Pass

Fail

]
n

:
[¥, I K I g

+

1
NOoORNODOANYO KO

]
.

0.
0.
0

38!

i11-80

Fed. Method 6507
(modified)

ASTM D-6€5

See Chapter ?¢
Test C-5
See Chapter ¢
Test C-1

See Chapter
Test C-2
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Corroston Protection (C"ﬂﬁl
Electraically Coupled Spoecimens:
Copper-Aluminum, QQA-T0-11L
Alurttnum WQ-A-I0-40 -
Copper-Nickel (70-40)
Monel-taonge
Stainless Steel (510) -
Phusphor-Bronu.
Silver Base Hriagzing Alloy -
Steel, 1004
Aluminu= QQ-A-050-01 -
Bronze
Alurinum QQ-A-TS0-4h -
Steel, 1C09
TQ,00C PSIG Stirred Corrosion
Test, w ight change, mg
Insulated Specimens:
Copper
Stuinless Steel, 316
Copper-Nickel (70-30)
Aluminum, QQ-A-050-4b
Phosphor-Bronze
Steel, galvanirzed
Steel, 100D
Aluminum, QQ-A-29C-11
Bronze
Monel .
Silver Base Brazing Alloy
Electrically Coupled Specimius:
Copper-Aluminum, QUQ-ALI' (1]
Aluminwmae, QQ-A-250-4b -
Copper-Nickel (70-'0)
Nonel-Bronze
Stainless Steel (516} -
Phosphor-Bronze
Silver Base Braring Alle - -
Steel, 1009
Aluminum, QQ-A-TL0-11 -
Bronze
Aluminum, QQ-A--0C-Wb -
Steel, 1009
Pump Test
Average Weight Loss, ng
Steel Gears
Bronze Bushings
Corrosion Coupons, weight loss,
each, mg/c
Copper
Aluminum
Steel, galvanized
Steel, 1009
Silver Base Brazing Alluy
Dielectric Properties
Resistivity, 72° F, chm-cm:
As-Reccived
With Sea-Natur Contamination:
0.i% Ly volume
C.5% by vclume
2.0% by volume
wWith Carbon Contaminntion&
0.1$ wt/vol.
0.25% wt/vol.
0.5% wt/vol.

3)

Mo thod

-

Sce Chapter ¢
Test C-4

Propescd mitita-
specification fng
sea.watcr cmuls: -
fying oils

ASTE, D-1163 (mod-
ified}. See Chap-
ter ¥. Test E-1
Chapter 2

Test E-§

Chapter 2
Test E-6
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Drelecttic Properties (Cont)
Afrer 50,000 Electric Arcs
(makes and braaks) at 90
volts, 10 amperes, resis-

tive load
Not filtered
Filtered
solids generated, yram
Dissipation Factor, r2° p ¢
As-Received
With Sea-Water Contaminationg
0.1% by volume
0.5% by volume
2.0% by volume
With Carbon Contamination:
0.10% wt/vol.
0.25% wt/vol,
0.50% wt/vol.

After 0,000 Electric Arcs
(makes and breiks) at 90
volts, 10 amperes, resis-
tive load

Not filtered
Filtered

Dielectric Breakdown Voltage,
0.0%-1inch gap, T2* P, kv
As received 3
With sea.water contaminatién)

0.%% by volume
2.0¥ by volume
With carbon contamination:
0.10% wt/vol.
0.25% wt/vol.
0.50% wt/vol.

After 50,000 electric arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered
Filtered
Solids generated, gram
Contact Life, silver-cadmium, 50
wolts, 10 amperes, resistive
load, 6000 psi, €5°85° F
Number of tests
Operations to faiiure {range}
{ Emulsion Stabhility
faddle Test, after l-hour set.
tling:

oll, ml

E:ulsion, mi

“ater, ml

Electric Proba Test, time for
i water separation, min

Butyl

Buna ¥

Viion B

Ethylene-Propylene
Tetrafluorcethylene {Teflon)
Neojprene

Thiozol

Sil:iconre

Fluorcs:li1cone

Material Compatibiiity Static 20KPST

8.6x101!
4.2x10ll

1.3

1.0
0.9

40
490
18
Poor

Good
$o0r

Fair

Fair

.

Method i;_
T

See Chapter ¢

Test E-7

See Chapter [
Test E.O
See Chapter 7

- Tent E-¢
See Chapter ?
Test E-€

ASTM D-B77 (mod-

ified). See Chap-

ter 2, Test F-_

See Chapter 2
Tegt E-¢

Sce Chapter ?
Test E-6

See Chapter ¢
Test E-3

ASTM D-14C1

) |
Je-~ Chapte. © {
Test E-4 !
See Chapter © E
Test C-3 i

I

{

|

i

*Based on atmospheric pressure data,
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TuNt1City Petroleum
Density, ytams;cublc centimeter, ats | 300 F 1007 P R N
0 psig 0.3566 | 0.863%0 | 0.BuCB Sce NSHDL
5,000 psiy 0.89%8 | 0.87%% | 0.8588 Annapolis Repor?
5,000 psty 0.9014 | 0.8796 | 0.8B65%6 MATLAB L0
83,000 psiy 0.9092 | 0.8819 | 0.8747
10,000 psiyg ¢.91%0 | 0.89335 | 0.880%
15,000 psiy 0.9213 0.9050 0.8928
00,0 paiyg | Q.97 | 0.9157 | 0.9} e
Isothetmal Conpressibility, volume 345" F 100" F 1o
Jocrease, {, at: - T Sce NSHDL
0 psiy Annapolis Report
5,000 psig 1.03 1.14 1.40 NATIAB 0.0
5,000 psiy 1.64 1.80 2.17
8,000 psiy 2.48 2.73 5.19
10,000 psig 3.00 3.29 2.83%
15,000 psiy 4.11 4,53 5.15
70,00 psig 5.15 5.62 6.3 e
Chemical Stability —
Oxidation stability Test, 202° F, [1000+ ASTH D942
hours to failure
Oxidation stability Test, 250° F Fed. Method 420
Hydrolytic Stability Test Military speci’ie
Specimen change, ™ cation MIL-il-
Specimen appearance 10447
" luid acid number increase, -
mg KOH/gram fluid
Water acidity, mg KOH -
Insolubles, % -
Thermal Stibility Test -
Fire Resistance
Flash Point, °F 360 ASTM D)
Fire Foint, °F 285 ASTM D-92
Autogeneous Ignition Temperature,®F| 690 ASTM D-215%
High-Pressure Spray Combustor Sce MEL Peport
Minimum spontanecus ignitior 453 21/66 of Narch
temperature, °F 1967
Minimum reaction temperature, 425 -
L]
F
No indication of fire, °F 425 -
Maximum pressure change, psi 325 -
Lowest temperature of maximum 453 -
pressure change, °F
Temperature range explored, °F 25-479 -
Miscellaneous Properties
Pour Point, 'F -15 ASTM D-97
Foaming ‘Tendency, 75° F 40 ASTM D-897
Foam after S-minute aeration, -
ml
Time ovt, minutes 1 -
Foam after 10-minute settling, [} -
ml
Neutralization Number, mg KOH/gram 0.02 ASTN D-IT4
water Content, ¥ by weight' 0.015 ASTM D-1744
Neutrality, qualitative eutral Fed. Methoé 101
Contamination -
Number and size of particles and SAE Method ARP-
fibers in 100.ml fluid 508
25-100 micrometers -
100-500 micrometers -
over 500 micrometers -
particles over 250 microm- -
eters except fibers (length
ten times diameter)
Gravimetric Value, mg/100 ml SAE Method ARP-78§
Specific jravity at 60/60° F 0.8 -
Color 1.5 ASTM D-1%,00
Cost §/gal $0.60 -
Availability qov, S a i

1Detern1n&tions made at atmospheric pressure, unless noted. QExtrapolated value,

seavAater.
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etroleum Base Flu

Supplementary of Dr')p.xt a8 of MIL-L-

}3?72:, ws 2110ml))

Material Compatibility with

Buna §
Natural Rubber
Polyurethane

L

Foor
Poor
Good

Method

See Chapter ?
Test C-

S D

*Based on atmospheric pressure data.
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MIL-5-21568a

Suggested Uses and Possibl> Limitations

the fluid covered by MIL-S-21568A is a l-cs viscosity
dimethyl polysiloxane fluid. MIL-S-21568A has been superseded
by Federa.. Specification VW-D-001078. Since there is no l-cs
viscosity fluid covered by VV-D-001078, the older specifira-
tion which contains such a fluid had to be used. MIL-S5-21568a
(1 c8) is considered unsatisfactory for use with motors because
of its very low viscosity and poor sea-water emulsion stability.
Because of its good dielectric properties, as well as low vis-
cosity, it . s the best choice known to date for switching
devices and other nonmoving electrical applications.




SO
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Properties of MIL-8-21568A(1 C8 )(l)
(s5ilicone Base Fluid

1We" F, 30 days
Amhient Pressure, coupon
stirred, ccrrosion test, weight
change, mg
copper
Stainless Steel, 316
Copper-Nickel (70-30)
Aluminum, QQ-A-250-4b
Fhogphor-Bronze
Steel, galvanized
Steel, 1009
Aluminum, QD-A-250-11
Bronze
Monel
Silver Base Brazing Alloy
20,000 PSIC Pressur2-Cycled
Corrosion Test (1% seawvater),
welght change, my
Insulated Specimens:
Copper
Stainless Steel, 316
Copper-Nickel (70-30)
Aluminum, QQ-A~250.4b
Phosphor-Bronze
Steel, galvanized
ste~1l, 1009
Aluminum, QQ-A-"50-i1
Bronze
Monel
Silver Base Braziny Alloy

- - YT L TR
Viscomettt - Pronerties
Toviseuaity, Gontistokes, ats 35" F 100° F V0% F
O opsiy 1.19 0.76 0.44
3,000 psi1yg 2.19 0_96 0.68 Sce NSKRDLL
SL,000 ps Ly 2.9% 1.25 0.83 Annapo!lis Kopoo
8,000 psiyg 4,29 1.7% 3.19 MATLAB 34,0
10,000 psiy Gell 1.97 1.31 -
14,000 payg 8,10 2.91 1.77 -
L0000 sy 11.56 3.92 v.U6 -
Viscostty, centistckes, at 210° F, - - - ASTM D-A4¢,
O psiy
Vigcosity slope, ASTM 0.854 - - -
Lubricating Ability Dry + 14 Synthetic Seaqater
-Ball Wear Test, 30 min, 50° C, Fed. Method €407
57100 steel, average scar dia., (modified)
mmz
1 kg -
3 kg -
5 ky 0.65 -
15 kg 1.02 -
30 min, 50° C, 52100 steel 0.63 0.39
60 min, 10° C, SC10Q steel 0.70 0.50
Corrosion Proteci ion
stirred Rust Te. t, 10% seawater, Fail ASTM D-GEC
140° F, 2 days
on-Off Rust Test, 507 seawater, Fail Sece Chapter ¢

Test C-5
See Chapter ¢
Test C-1

~

See Chapter !
Test C-2
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Crityston Proteetion (Cont)
Electiacally Coupled Spoeipens;
Coppet «Aluminuing, Yu-A.l -t
Alvminur UQ-A-TH0-4Yh -
Copper -Nickel (70.40)
Monel-Bronze
Stainless Stecl (A10) -
Phosphot =Broneoe
Silver Base Brazing Alloy -
steel, 1004
Aluminum QU-A- 5011 -
Brounze
Altuminum QJ-A-05C-4b -
Steel, 1009
L0,000 BSIG Stirred Corroston
Test, welght chanye, myg
Insulated Specimens:
Copper
Stainless Steel, 316
Copper-Nickel (70-30)
Aluminum, Qu-A-250-4b
Phosphor-Bronze
Steel, yalvanized
Steel, 1009
Aluminum, QQ~-A-250-11
Bronze
Monel
Silver Base Brazing Alloy
Electrically Coupled Specimens:
Copper<Aluminum, QU-A-T0-11
Alumirum, QQ-A-250-4b _
Copper-Nickel (70-30)
Monel ~Bronze
Stainless Steel (316) -
Phosphor~Bronze
Silver Base Brazing Allc -
Steel, 1009
Aluminum, QQ-A-280-11 -
Bronze
Aluminum, QQ-A-25C-4b -
Steel, 1009
Pump Test
Average Weight Loss, mg
Steel Gears
Bronze Bushings
Corrosion Coupons, weight loss,
each, mg/cm2
Copper
Aluminum
Steel, gzlvanized
Steel, 1009
Silver Base Brazing Allov
Dielectric Properties
Resistivity, 78° F, ohm.cm:
As-Received
With Sea-Water Contaminatig%l

0.5% by volume
2.0% by volume
With Carbon Zontamination:
0.1% wt/vol.
0.25% wt/vol.
0.5% wt/vol.

2.2x101))
2.4x10

T o Met

- - -

Sce Chlapter §
Test C-li

Proposed military
specification fo:
sea-water emuls:-
fying oils

ASTM D-118" {mod-
ified). See Chap-
ter 2. Test E-1
Chapter 2

Test E-H

Chapter 2
Test E-6
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Dislectric Properties {Cont)
Aftear 55,555 Electric Arcs

(makes and breaks) at 90
volts, 10 amperes, resis-
tive load
Not filtered
Filtered
Solids generated, gram
Digsipation Factor, 18° r, %
As-Recirived 2)
With Sea-Water COntlminatigng

0.5% by volume
2.08 by volume
With Carbon Contaminations
0.10% wt/vol.
0.25% wt/vol.
0.50% wt/vol.

After 50,000 Electric Arcs
(makes and breaks) at 90
volts, 10 amperes, regis.
tive load

Not filtered
Filtered
Solids generated, gram
Dielectric Breakdown Voltage,
0.05-inch gap, 78° P, kv
As received
With sea.water contaminatiggl

0.5% by velume
2.0% by volume
With carbon contamination:
0.10% wt/vol.
0.25% wt/vol.
0.50% wt/vol.

After 50,000 electric arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered
Filtered
Solids generated, gram
Contact Life, silver-cadmium, 50
volts, 10 amperes, resigtive
load, 6000 pai, 65°-85° F
Humber of tests
Operations to failure (range)
Emulsion Stability
Paddle Test, after l-hour set.
tling:

0il, ml

Emuision, ml

Water, ml

Electric Probe Test, time for

watzr separation, min
Material Compatibilitv.Static 20K PSI

Butyl

Buna N

Viton B

Ethylene-Psrcpylens

Tetrafluoroethylene {Teflon)

Neoprene

Thiokol

Silicone

FPluorosilicone

N
M)
(S o)

3
>11,000

Me thod

See Chapter 2
Test E-7

See Chapter 7
Test E-2
See Chapter 2

- Test E-5

See Chapter 2
Test E-6

ASTM D-877 (mod-

ified). See Chap-

ter 2, Test E-3

See Chapter 2
Test E-5

See Chapter 2
Test B-6

See Chapter 2
Test E-8

ASTM D-1401

See Chapter 2
Taest E-4
See Chapter 2
Test C-3
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Velatulat, .
oyt s1licone
] Moen ) U gt b crntimeteo R \IA(-;.AT_ WY T e _‘!‘__lb Bl ‘L" l 1 o
T O pey [ 5. B39 [ 0.8 “ {07109 G BBl
i_.' 000 by 08503 f 0. 818y J,yle At b Mgt
Z . LO00 s g J.80%9 [ 0.8y [0 had MATLLE
§ 1 SV pnyg 0870y | 0B, oslf
i 10,000 psiy 0.8844 0.851¢6 o.8v6 ¢
000 g 0.9ule | o.Be8r  |u.8BulY
§ L0,000 P L9161 | 0.8840 | 0.B6 L
Lo U v ATy Votame T AT F @ T o
K : i ISR (SN S~ AL RGN S
L o , at: Sec NOVDL
¥ éd Copnag cunar 1 o i
: LA00 sty 2l ¢.TH 4.65 MATLAL !
: CLO00 sy 5,55 4.21 5.58
;, v 000 g 1y lear 7.6
: L 1,000 psiyg 5.61 T.17 8.7
14,000 nsag 8.00 9.1 1.
Sl Lo . | .85 j10.93 3.0 U
.- SNy T ot T R ’ _1 T
S STk lity Test, 0T F, JSEM D= b
i hoa, teoLaaare i
Odrdation oosbality Joat, RON R bod, Motho: 0
. HY Bolytie stabr -ty Test Militag fot R
Speciren change, mg ST SO B R T
L Ll appearance ) Ve i
b Suid acid number increase, -
oy KOH/gran fluid
- - water acudity, mg KOi -
insolubles, @ -
. Thermal Stability Test -
Five Resistance
"7 Fla.h pcint, °F 115 ASTM D-N7
o Fire Point, F o) 115 ASTM DO
Autc¢ renvous Ignition Temperature, F ASTM D-t 1%
. iligh-Pressure Spray Combustor See MEL Penort
Minirum spontaneous ignition 51/06 of Moreh
.. temperature, °F 15307
Minirnum reaction temperature, -
o
o No indication of firo, °F -
Maximum pressure change, psi -
" Lowest temperature of maximum
pressure change, °F
. Temperature range explored, °F -
Miscellaneous Properties
Pour Point, F <70 ASTM D-07
Foaming Tendency, 75° F ASTM D807
Feram after S-minute aeration, 6] -
* mnl
Time out, minutes -
- Foam after 10-minute settling, -
ml
. fNeu!ralivaticn Numbeyr, mg KOl/yram ASTM D=
water Content, ¢ by weight 0.026 ASTM D-17h4
Neutrality, qualitative Fed. Mcthod 10}
’ Contamination -
Nurt r and size of particles and SAE M thoo PRi-
fibers ir 100-ml fluid 598
5 -100 micrometers -
120-400 micrometers
over ‘N0 micrometers -
particles over 240 microm- -
eters rxcept fibers {'ungth
ten times diameter)
Gravimetric Value, mg/100 mi SAY Mothod ARP- ;‘34
Specific gravity at 60/60°F 0,879
Color ASTM D-1' 0O
cost  3/gal $5¢ .00 -
|Availalality gov. sped, d [ D R
lDeterznumtions made at atmospheric pressure. unless noted. ‘“Saturated with seawater.
111-89
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MIL-L-23699A

Suggested Uses and Possible Limitations

The fluid described in Military Specification MIL-L-
23699A is a synthetic-base lubricant which was developed for
aircraft turboprop and turboshaft engines. The atmospheric
pressure viscosity of MIL-L-23699A leads to the prediction
that it would be too viscous for most deep ocean applications.
It has poor hydrolytic stability. It does provide some limited
corrosion protection. Dielectric properties have not been
determined. Before using this fluid, a system designer should
consult a list of compatible materials available from the man-
ufacturer.
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Properties of NIL-L-”5699A(1)

{8ynthetic Base Friuid)

Viscometric Plgﬂf[(lvl

Viscosity, centistokes, at:

O psry

3,000 paiy

4,000 psiy

8,000 psiyg

10,000 ps1iy

14,000 psig

20,000 psiy

Viscosity, centistokes, at 100° F,
Viscosity, centistokes, at 210° F,
0 psiy

Viscosity Slope, ASTM

35° F 100° F 1' 0°

F

25.67
5.00

9,708 1. -

Lubricating Ability
L_Ball Wear Test, 30 min, 50° C,
L2100 steel, average scar dia.,

1 kg
3 kg
5 kg

Corrosion Protection

Stirred Rust Test, 10% seawater,
140° F, 2 days
On-Off Rust Test. 504 s~awater,
140° F, 30 days
Ambient Pressure, coupon
stirred, corrosion test, weight
change, mg
Copper
Stainless Steel, 316
Copper-Nickel (70-30)
Aluminum, QQ-A-250-4Db
Phosphor ~Bronze
Steel, galvanized
Steel, 1009
Aluminum, QQ-A-250-11
Bronze
Monel
Silver Base Brazing Alloy
20,000 PSIG Pressure-Cycled
Corrosion Test (1% seawater),
weight change, mg
Insulated Specimens:
Copper
Stainless Steel, 316
Copper-Nickel (70-30)
Aluminum, QQ-A-250-4Fk
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Aluminum, QQ-A-250-11
Bronze
Monel
Silver Base Brazing Alloy

Pass

cthod

| Method

Sex KSKOL
Annapolis ieport
MATLAB 50

ASTM D-44¢,

b ——— . 4

F-d. Method ¢ 7
{riodifired)

ASTM D-6€5

See Chapter 7
Test C-5
See’ Chap.e: £
Test C-1\

See Chapter ©
Test C-2
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Corrosion Protection (Cont)
Electrically Coupled Specimens:
Coppes-Aluminum, QU-A-250-11
Aluminum QQ-A-250-4b -
Copper -Nickal (70-30)
Monel-Bronze
Stainless Steel (316) -
Phosphor-Bronze
Silver Base Brazing Alloy -
Steel, 1004
Aluminum QQ-A-250+11 -
Bronze
Aluminum GQ-A-250-4p -
Steel, 1009
20,000 PSIG Stirred Corrosion
Teat, weight change, mg
Insulated Specimens:
Copper
Stainless Steel, 316
Copper-Nickel (70-30)
Aluminum, QQ-A-250-4D
Phosphor-Bronze
Steel, galvanized
Steal, 1009
Aluminum, QQ-A-250-11
Bronze
Monel
Silver Base Brazing Alloy
Electrically Coupled Specimens:
Copper-Aluminum, QQ-A-250-11
Aluminum, QQ-A-250-4Db -
Copper-Nickel (70-30)
Monel-Bronze
Stainless Steel (316) -
Phosphor-Bronze
Silver Base Brazing Allo -
Steel, 1009
Aluminum, QQ.A-250-11 -
Bronze
Aluminum, QQ-A-250-4b -
Steel, 1009
Pump Test
Average Weight Loss, mg
Steel Gears
sronze Bushings
Corrosion Coupons, weight loss,
each, mg/cn
Copper
Aluminum
Steel, galvanized
Steel, 1009
Silver Base Brazing Alloy
Dielectric Properties
Resistivity, 'F, ohm-cm:
As-Received
With Sea-Water Contamination:
0.1% by volume
0.5% by volume
2.0% by volume
d4ith Carbon Contamination:
0.1% wt/vol.
0.25% wt/vol.
0.5% wt/vol.

Method

See Chapter 2
Test C-4

Proposed military
specification for
sea-water emulsi-
fying oils

ASTM D-1169 (mod-
ified). See Chap-
ter 2. Test E-1
Chapter 2

Test E-§

Chapter 2
Test E-6

1i1-92
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Dielectric Properties {Cont)

After S0,000 Flectric Arcs
{(makes and breaks) at 90
volts, '0 amperes, iesis-
tive load

Not filtered
Filtered
Solide generated, gram
Dissipation Factor, °F, %
As<Received
With Sca.Water Cortamination;
G.1% Ly volume
0.9% by volume
2.0¢ by volume
With Carbon Contar ination:
0.104 wt/vol.
L wt/vol,
0.50% wt/vol.

After 50,000 Electric Arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive lnad

Not filtered
Filtered
Solids generated, gram
Dlelectric Breakdown Valtage,
0.0% inch gap, °F, kv
As received
With sea.watey contamination:
0.1% by volume
0.5¢ by volume
2.0% by vo)ame
With carbon cortamination:
0.10% wt/vol.
0.25% wt/vol.
0.50% wt/vol.

After 50,000 electric arcs
{makes and breaks) at 90
volts, 10 ampere:, .esis-
tive load

Not filtered
Filtered
Solids gerecutad, zram
Comtact Life, silver.cadmiwe, 0
volts, L0 amperes, vesistive
load, fOGD pai 65°.85° ¢
Number of testa
Operaticns to fzxlure (range)
Emulsioh Stab:ility
Paddle Test, aftar lohour se4-
tiing:

011, wl

Emulsic:, mi

wWater. ml

Electric Probe Tust, time ifor
water separation, min

Butyl

Buna N

Viton B

Ethylene-Tropylene
Tetrafluorcethylene {Teflon)
Necprens

Thiokol

Silicons

Fluoros:i1lizonc

Material Compatibility Static 20XPSI®

*Based on atmospher.c pressure data,

Faii

111-93

F_ Method
N et

See Chapter
Test B.7T

Sec Chapter

- Test 2.2

See Chapter -
Test E-5

Y

See Chsprer
Test E-5H

e

257% L-877 (mol-

1f1ed) . See Chap-

ter ¢, Tesi E-3

S¢x Chapter 7
Test E-&

Lab]

See Chapter
Test £-€

Swe Chaptes
Test E-3

ASTM 2-1401

See Chapr e:

-~




Volatilaty
Toxtieity

Synthetid

P et

_[lu_n_un)-, dtams/oubie ccnl-m«'h-l‘.. at:

35 F

¢ opsig
O patg
L0000 paayg
d,00 psy
10,000 psiyg
15,000 pay
UO,000 psiy

{sothermal Compress? ’n_;i-x ty, volume

G

decrease, €, at:

O psiy

31,000 pay
H,000 pstryg
3,000 psiyg
10,000 psig
15,000 psig
20,000 psiyg

See NLHDL
Annapolis keport
MATIAD ‘40

Sce NSEDL
Annupolis Heport
MATLAL L0

- e and

Chemical Stability
Oxidation Stability Test, 203° F,
hours to failure
Oxidation Stability Test, 260° F
Hydrolytic Stability Test
Specimen change, mg
Specimen appearance
Fluid acid numler increase,
mr WO jram fluld
Watrr acidity, mg KOH
Insolubles, €
Thermal Stability Test
Fire Resistance
Flash Point, °F
Fire Point, °F
Autogeneous Ignition Temperature,®¥
High-Pressure Spray Combustor
Minimum spcntaneous ignition
tenmperature, °F
Minimum reaction temperature,
L]
F
No indication of fire, °F
Maximum pressure change, psi
Lowest temperature of maximun
pressure change, °F
Temperature range explored, °F
Miscellaneous Properties
Pour Point, 'F
Foaming Tendency, TS° F
Foam after S-minute aeration,
ml
Time out, minutes
Foam after 10-minute settling,
ml
Neutralization Number, mg KOH/gram
wWater Content, $ by weight
Neutrality, qualitative
Contamination
Number and size of particles and|
fibers in 100-ml fluid
25.2"0 micrometers
100-.500 micrometers
over 500 micrometers
particles over 250 microm-
eters except fibers (length
ten times diameter)
Gravimetric Value, mg/100 ml
Specific gravity at 60/60°F
Color
Cost $/gal

Availability

[gov.

kg0
550

<-55

V<25

1/2

0.978
$4.70

speg

ASTR D-9%?

Fed. Method L7T0M
Military speciti-
cation MIL-H-
194578

-

ASTM D-92

AST™ D-9?

ASTM D-21%%
Sce MEL Reporti
51/6€ of March
1967

ASTM D-9T
ASTM D-892

ASTM D-JT4
ASTM D-1744
Fed. Method 5101

SAE Method ARP-
598

SAE Method ARP- 785

ASTM D-1268
ASTM D-15

1Determinations made at atmospheric pressure, unless noted.
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Supplementary Properties of HXL-L-2)699A“)

Method

Natural Rubber Poor
Polyurethane poor
Buna § qur

*Based on atmospheric pressure data,

, L See Chapter 2 =
H Material Compatibility with:® Test C-3
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MIL.-9.27601A

Suggested Uses and Possible Limitations

The fluid covered by MIL-F-27601A is a petroleum-base
E hydraulic fluid developed for use on high-velocity flight
E vehicles whose hydraulic components may be subjected to high

temperatures. MIL-H-27601A is not suggested for any deep

ocean applications until more information is available, 1Its
viscosity is somewhat high, and atmospheric pressure corrcsion
tests indicate that the fluid provides little if any corrosion
protection. Its dielectric properties have not been determined,
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-Properties of [IL-I1-27601A

(v
(Petr=leum Base Fluid)

Viscometric Properties

Viscusity, centistukrs, ats

C peig

3,000 psiyg

5,000 psiy
8,000 psiy
0,000 psiy
5,000
000

psig

20, psiy

Viscosity, centistokes, at 100° F,
Vviscosity, centistokes, at 210° F,
O psig

Viscosity Slope, ASTM

35° F 100° ¢ 150° F

Mot hod

15.11
3.3

0.793

See NSRDL
Annapulin keport
MATIAR L0

ASTM D44,

Lubricating Ability
4-Ball Wear Tvst, 30 min, 50° C,
52100 steel, average scar dia.,
. H
1 kg
3 kg
5 kg

Corrosion Protection

Stirred Rust Test, 100 scawater,
130° F, 2 days
On-0ff Rust Test, 502 =scawater,
140* F, 30 days
Ambient Pressure, coupcn
stirred, corrosion test, weight
change, mg-
Copper
Stainless Stecel, 316
Copper-Nickel (70-30)
Aluminum, QQ-A-250-Ab
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Aluminum, QQ-A-250-11
Bronze
Mcnel
Silver Base Brazing Alloy
20,000 PSIG Pressure-Cycled
Corrosion Test (1% scawater),
weight change, ng
Insulated Specimens:
Coppel
Stainless Steel, 316
Copper-Nickel ,70-30)
Aluminum, QQ-A~250-4Db
Phosphor-Bronze
Steel, galvaniced
Steel, 1009
Aluminum, QQ-A-250-11
Bronze
Monel
Silver Rase Brazing Alloy

+
H\O
E8Fonm
~N NNV WU

o
£
e

+ 41

™

O &
L] [

NG E o

Fed. Method 6507
{modified)

ASTH D-C6%

See Chaoter 7
Test C-5

Sec Chapter ¢
Test C-1

Sec Chacter 7
Test C-C

F11-97
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Corrosion Protection (Cont)
Electrically Coupled Specimens:

Copper-Aluminum, QQ-A-250-11

Aluminum QQ-A-250-4p -
Copper-Nickel (70-30)

Monel.Bronze

Stainless Steel (316) -
Phosphor-Bronze

Silver Base Brazing Alloy -
Steel, 1004

Aluminum QU-A-290-11 -

Bronze
Aluminum QQ-A-250-4p -
Steel, 1009

20,000 PS1G Stirred Corrosion
Test, weight change, mg
Insulated Specimens:
Copper
Stainless Steel, 316
Copper-Nickel (70-30)
Aluminum, QQ-A-250-4b
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Aluminum, Q7 A-250-11
Bronze
Monel
Silver Base Brazing Alloy
Electrically Coupled Specimens:
Copper-Aluminum, QG-i-250-11
Aluminum, QQ-A-250-4b -
Copper-Nickel (70-30)
Monel -Bronze
Stainless Steel (316) -
Phoasphor-Bronze
Silver Base Brazing Allo’ -
Steel, 1009
Aluminum, QQ-A-750.11 -
Bronze
Aluminum, QQ-A-250-4b -
Steel, 1009
Pump Test
Average Weigh” Loss, mg
Steel Gears
Bronze Bushings
Corrxosion Cogpons, weight loss,
each, mg/cm*
Cepper
Aluminum
Steel, galvanized
Steei, 1009
Silver Base E tzing Alloy
Dielectric Properties
Resiativity, "F, ohm-cm:
As-Received
With Sea.Water Contamination:
0.1% by volume
0.5% by volume
2.0% by volume
%ith Carbon Ccontamination:
0.1% wt/vol.
0.25% wt/vol.

0.5% wt/vol. N

See Chapter 2
Test C-it

Proposed military
gpecification for
sei-water emulsi-
fying oils

ASTM D-116¢ (mod.
ified) . Sce Chap-
ter 2 Test E-1
Chapter 2

Test E-5

Chapter 2
Test E-6
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Diclectiie Properties (cont)

Atter 50,000 Electric Ares
{makes and breaks) at o
volte, Y0 amperves, rosige
tive load

Not filtered
Filtereg
Sulids yenvrated, gram
Dissipation Factor, °F, ¥
As~Received
With Sea-Water Contaminationg
0,15 by volume
0.5%% by volume
2.0% by volume
With Carbon Contaminations
0.109 wt/vol.
0.25%% wt/vol.,
0,507 wt/vol,

After 40,000 Electric Arce
{makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Kot filtered

Filtered

Solids generated, gram
Dielectric Breakdown Voltage,
0.05-inch gap, °F, kv

s received

With sea.water contamination:

C.1% by volume
0.5% by volume
2.0% by volume
With carbon contamination:
C€.10% wt/vol.
0.25% wt/vol.
0.50% wt/vol.

Afte:r 52,000 electric arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered
Filtered
Solids generated, gram
Contact Life, silver-cadmium, 50
volts, 10 amperes, resistive
load, 6000 psi, 65°-85° F
Number of tests
Operations to failure (range)

Enulsion Stability

Paddle Test, after l-hour set-

P

tling:

0il, ml 40 -

Emulsion, ml 0 -

Water, ml 40 -
Electric Probe Test, time for See Chapter 2
water separation, min Test E-4

Material Compatibility,Static 20K pSO* See Chapter ¢

Butyl Poor Test C-3
Buna N Good -
Viton B Good -
Echylene-Fropylene Poor -
Tetrafluoroethylene (Teflon) Good -
Neoprene Fair
Thiokol - -
Silicone Fair -
Fluorosilicone Fair — o

Method
Scu Chapter ¢
Text E-7

See¢ Chapter 7
Test £-¢
See¢ Chapter ¢

Test E-Y
See Chapter
Test E-C

ISy

ASTM D-877 (mod-

ified). See Chap-

ter 2. Test E-3

See Chapter 2
Test E-5H

See Chapter ¢
Test E-6

See Chapter 2
Test E-3

ASTM D-1401

* Based on atmospheric pressurs data.
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Volatility
Toxicity

Petrole

Method

Density, grams/cubic centimeter, at:

2 F

100" F 150" F

0 psig
2,000 psig
,000 psiy
000 peiy
10,000 psig
15,000 psig
20,000 psig

O @n.

See NSRDL
Annapolis Report
MATLAB 350

lsothermal Compressibility, volume

J2 F

100 F

dacrease, %, at:

O psig
3,000 psiq
5,000 psig
8,00n paig
10,000 psig
15,000 psig
20,000 psig

See NSRDL
Annapolis Report
MATLAB 240

Chemical Stabilaty
Oxidation Stability Test, 203° F,
hours to failura
Oxidation Stabilisy Test, 250° F
Hydrolytic Stability Tect
Specimen change, wmg
Specimen appearance
Fluid acid number increase,
nmg XOH/gram fluid
Water acidity, w3 KOH
insolubles, %
Thermal Stability Test
Fire Resistance
Flash Foint, °F
Fire Point, °F
Autogensous Ignition Terperature,®F
High-Pressure Spray Comlustor
Minimum spontaneous ignition
temperature, °F
Minimum reaction temperature,
L 2
F
No indication of fire, °F
Maximm pressure change, psi
Lowest temperature of maximum
pressure change, °F
Temperature range explored, °F
Miscellanecus Properties
Pour Point, 'F
Foaming ‘Tendency, 75° F
Foam after S-minute aeration,
ml
Time out, minutes
Foam after l0-minute sett,ing,
ml
Neutralization Number, mg KOH,vI. m
Water Content, ¥ by weight
Neutrality, Qualitative
Contamination
Number and size of particles and
fibers in 100-ml fluid
25.100 micrometers
100-500 micrometers
over 500 micrometers
particles over 250 microm-
etars except fibers (length
ten times diameter)
Gravimatric Value, mg/100 ml
Specific gravity at TO/60°F
Color
Cost §/qal
Availability

290
420

0.007

0.844

$65.00
qov. spe

0.01
Satiafacthry
0.02

0.4
Nil

2

ASTM D943

Fed, Method S308
Military specifie
cation MIL-H-
194578

AST™ D92
ASTM D-92
ASTM D-215%
See MEL Report
31/66 of March
1967

AST™ D-97
ASTM D-892

ASTM D-G74

ASTM D-1744

Fed. Method 5101
SAE Method ARP-
598

SAE Method ARP- 785
ASTM D-1298
ASTM D-1500

lbctomimtiona made at atmospheric pressure, unless noted.
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Supplesontary of Properties of u!L-u-“76OLA(‘)

Material Compacribility withe

urna 3
Matural Rubber
Polyurethans

Poor
Poor
Good

Nethod

See Chapter 2
Test C.

+ Bassd on atmospheric pressure data,

f11-101




MIL-H-46004

Sujgested Uses and Péllibla Limitations

The fluid described by MIL-H-46004 is a petroleum-base
hydraulic fluid developed for use in missiles where low tem-
peratures are anticipated. The atmospheric pressure viscosity
of MIL-H-46004 indicates that it might be gatisfactory at a
depth capability of 20,000 feet. This fluid provides no cor-
rosion protection, and it is highly flammable. 1Its lubrication

and electrical properties have not been measured.
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Properties ot hlL-H-MbOWo(l)
(Petrole. Base Fluid)

Viscometiie Properties

Viscon ty, centistokes, ats

O psiy

2,000 psiy

£,000 paiy

8,000 psiyg

10,000 ps1y

15,000 psiy

0,000 psiy

Viscosity, centistokes, at 100"
Viscosity, centistokes, at 2107
0 ps1y

Viscogity Slope, AST™

S IS bt

g

]
T

t,

o
N
—

Lubricating Ability
§.Ball wear Test, 30 min, %° C,
52100 steel, average scar dia.,
mm:
1 kg
3 kg
5 kg

Corrosion Protect. on

Stirre i Rust Te.t, 10T scawater,
140° F, 2 days

On-0tf Rust Test, O seawatcr,
140° F, 30 days

Amrient Pressure, coupon

stirred, corrosion test, weijht

change, mg
Copper
stairless Stcel, 316
Copper-Nickel (70-3%0
Aluminum, QQ-A-C50-4b
Phosphor-Bronze
Steel, jalvanized
Steel, 1003
Aluminum, Qy-A-THC-11
Bronze
Monel
Silver Base Brazing Alloy
2C,0C0 PSIG Pressure-Cycled
Corrosion Tes. (17 scawater),
weight chanje, m;
Insulated So»ecimens:
Copper
Stainless Steel, 1%
Copper -Hi kel {T0-%C;
tuminum, QQ-A-l i -ub
frosphor-Bronze
Steel, jgalwvanized
Steel, 1IN

Aluminum, oo AT =10

Rronce

Mone !

tase Brazing ALl
A

See NSRDL
Annapoulis Kepont
MATLAB %' o

ASTM D44

Fail

F11-1C3

Fed. Mcthod €407
(mod1 fare:d)

ASTM D-ff¢

See Charte. 7
Test C-5

See Chapter
Test C-1

Test C-7
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Corrosion Protection (ont)
Electrically Coupled Spec.mens:
copper-Aluminum, QU-A=250-11
Aluminum QQ-A-250-4b -
Copper-Nickel (70-30)
Mone}.Bronze
Stainless steel (316) -
Phosphor-Bronze
Silver Base Brazing Alloy -
Steel, 1004
Aluminum QU-A-2%0-11 -
Bronze
Aluminum QQ-A-250-4b -
Steel, 1009
¢0,000 PSIG Stirred Corrosion
Test, weight change, my
Insulated Specimens;
Copper
Stainless Steel, 316
Copper-Nickel (70-30)
Aluminum. QU-A-250-4b
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Aluminum, QU-A-250-11
Bronze
Monel
Silver Base Brazing Alloy
Electrically Coupled Specimens:
Copper-Aluminum, QU-A-250-11
Aluminum, QQ-A-250-4b -
Copper-Nickal (70-30)
Monel-Bronze
Stainleas Steel (316) -
Phosphor-Bronze
Silver Base Brazing Allov -
Steel, 1009
Aluminum, QQ-A-250-11 -
Bronze
Aluminum, QQ-A-250-4b .
Steel, 1009
Pump Test
Average Weight Loss, mg
Steel Gears
Bronze Bushings
Corrosion Coupons, weight loss,
each, mg/cm€
Copper
Aluminum
Steel, galvanized
Steel, 1009
Silver Base Brazing Alloy
Dielectric Froperties
Resistivity, 'F, ohm.cm:
As-Received
With Sea-Water Contamination:
C.1¥ by veolume
0.5% by voiume
Z.0% by volume
Witk Carbon Contamination:
0.1% wt/vol.
0.25%% wt ‘vol.
0. 5% wt vol.

—_—

b=l

See Chapter ¢
Test C.4

Proposed military
specification for
sea-water emuls:-
fying oils

AST™ D-1169 (mod-
1fied . See Chap-
ter 2, Test E-1
Chapter 2

Test E-5
CThapter 2

Test E-£

L)
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BESDE QD G

oy
;

Dielectric Properties {Cont)

After 20,000 Electric Arcs
(makes and breaks) at y0O
volts, !0 amperes, resis.
tive load

Not filtecved
Filtered
Solide generated, gyram
Disasipation Factor, °*r, %
As -Received
With Sca-Water Conraminationg
0.1€ by volume :
0.%% by volume
2.00 by volume

With Carbon Coutamination:
0.10% wt/vol.,
Q.05 wt/vol.
0.507 wt/vol.,

After S0,00C Electric Arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered
Filterea
Sclids generated, gram

Dielectric Breakdown Voltage,
0.05-inch gap, °F, kv

As received

With sea-water contamination:

Q.1% by volume
0.5% by volume
2.0f by volume
With carbon contamination:
° 0.10% wt/vol.

0.25% wt/vol.

0.50% wt/vol.

After 50,000 electric arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered
Filtered
Solids generated, gram

Contact Life, silver-cadmium, 50

Me thod

See Chapter 2
Test E-T7

Sce Chapter 2

- Test E-2

Sce Chapter 2
Teat E-5

See Chapter
Test E-O

fav

ASTN D-R77 (mod-

ified). See Chap-

ter 2., Test E-J3

See Chapter 2
Test E-5

-
-

See Chapter 2
- Test E-6

See Chapter 2

volts, 10 amperes, resistive Test E-3
load, 6000 psi, 65°-85° F
Number of. tests -
Operations to failure {range)
Emulsion Stability
Paddle Test, after l-hour set- ASTM D-1401
tling:
0il, ml 40 -
Emulsion, ml 0 -
Water, ml 4o -
Electric Probe Test, time for See Chapter 2
water separation, min Test E-4
*aterjial Compatibility Static 20KPSIY See Chapter 2
Butyl Poor Test C-3
Buna N Good -
Viton B Good -
Ethylene-Propylene Poor -
Tetrafluorocethylene (Teflon) Good -
Neoprene Fair -
Thiokol - -
Silicone Pair -
Fluorosilicone Fair -

* Based on atmospheric pressure data.
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i Method
Volatility ~
‘mxh:lty trolen
Density, grams/cubic centimeter, at: '55"7 100° F 150° F
O paig See NSRDL
3,000 paig Annapolis Repord
5,000 psig MATLAB 340
8,000 paig
10,000 psig
15,000 psiq
20,000 paig
1sothe mal goqnnliuhq. volume ' F 10" F 150° F T
decrease, %, at: Sve NSRDL
. 0 psig Annapolis Report
k 3.000 psig MATLAB 3.0
£.,0uC psig
| 8,000 psig
! 10,000 psig
15,000 psig
20,000 paig
Chemical Stability
Oxidation Stabitity Test, 203" F, ASTM D-9H2
hours to failure ]
Oxidation Stability Test, 250° P Fed. Method 4,I0¢
Hydrolytic Stability Test Nilitary speciti-
Specimen change, »g cation NIL-N-
: Specimen appearance 194578
i Fluid acid number increase, -
i mg NOR/gram fluid
; Water acidity, mg XOH -
! Insclubles, % -
Thermal Stability Test -
! Fire Resistance .
i Flash Point, °F 210 AST™H D-92
Pire Point, °F 220 ASTM D-G2
! Autogenecus Ignition Temperature,®r ASTM D-2155
; High-Pressure Spray Combustor See MEL Rcport
. Minimum spontaneous ignition 31/66 Cf March
: temperature, ‘F 1967
i Minimum reaction temperature, -
. .
! ®o indication of fire, *F -
Maximum pressure change, psi -
Lowest temperature of maximum -
pressure changs, °F
Temperature range explored, °*¥ -
! Miscellaneocus Properties
} Pour Point, P <75 AST™™ D-97
; Foaming Tendency, 75 F ASTH D-892
! Foam after S-minute aeration, -
nl
| Time out, minutes
: Foam after 10-minute settling,
H nl
! Neutralization Number, mg XOH/gram ASTN D-OTY4
; Water Content, ¥ by weight ASTM D-1744
Neutrality, qualitative Fed. Method 5101
: Contamination -
! Number and size of particles and SAE Method ARP-
{ fibers in 100-al fluid 598
i 25.100 micrometers -
i 100-500 micrometexs -
over 500 micrometers
particles over 250 microm-
eters axcept fibers {length
ten times diameter)
, Gravimetric Value, mg/100 ml SAE Ncthod ARP- 7g4
Specific gravity at 70/60° °P 0.850 ASTK D~1298
. Color ASTM D-1
Cost $/gal $2.00 -
; Availability N ] =
! ipeterminations made at atmospheric pressure, unless noted. 2any deposits indicstes corrosion
! not shown by weight change. ’
| 111-106
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Supplaementary Propeities of MIL-H-46004

' 1 T T T Cathod
wmterial Compatibility with: ] Chapter ¢
—— Test C-
Suna & Poor
Wetursl Rubber Poor !
Polyurethane Gond J

* Based on atmospheric prassure data.
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MIL-H-810198B

Suggested Uses and Possikle Limitations

The fluid covered by MIL-H-51019B is a petroleum-base
hydraulic fluid for use in aircraft, missiles, and ordnance
hyaraulic systems in the -90° to +210° F temperaturc range,
MIL-H-81019B appears to have properties for use at great depth.
Its viscosity appears to be too low at atmospheric pressure for
use as a general-purpose lubricant, It provides some degree
of corrosion inhibition, and it is highly flammable. Initial
dinlectric properties are good, but additional infommation
relating to electrical applications is lacking,

ITTY

e}
;A;—lv

@ 4]




"—-—--». C‘..-\
N e

e
H
| NS——

.

—

«—-—-‘

-

Properties of HIL-H-SIOIS;B“)
(Petrolewm ‘Base Fluid)

Ri-comtnc Propertien

Viscosity, centistokes, at: 5 F 100° F 15C" B

0 psig
3,000 psiy
5.000 pstig

Viscosity, centistokes, at 100° P,| 7.20
Viscesity, centistokes, at 210° F,| 2.82
O psig
Viscosity Slope, ASTM 0.565

Me thod

e e amf

Sec NSKDL
Annapolils heport
MATLAB 2L0

ASTN D445

Lubricating Ability
B .-pall wear Test, 30 min, 50° C,
$2100 steel, average scar dia.,
mm:
1 kg
3 kg
5 kg

Corrosion Protection

Stirred Rust Test, 10% seawater,
140° r, 2 days Pass
On-Off Rust Test, 50& seawater,
130° P, 30 days

Ambient Pressure, coupon
stirred, corrosion test, weight

change, »g
Copper «1.0
Stainless Steel, 316 -0.1
Copper-Nickel (70-30) -0.5
Aluninum, QQ-A-250-4b 0
Phosphor-Bronze -0.4
Steel, galvanized ~0.3
Steel, 1009 0
Aluminum, QQ-A-250-11 0
Bronze ~d.5
Monel -0.2
Silver Base Brazing Alloy -0.4

20,000 PSIG Preissure-Cycled
Corrosion Test (1% seawater),
weight change, mg

Insulated Specimens:
Copper
Stainless Steel, 316
Copper-Nickel (70-30)
Aluminum, QQ-A-250-4b
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Aluainum, QQ-A-250-11
Bronze
Nonel )

Silver Base Brazing Alloy

Fed. Method 6402
(modi fied)

ASTH D-655

See Chapter ?
Test C-5
See Chapter ©
Test C-1

See Chapter 2
Test C-2
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Coxrosion Protection ‘COnt[
Blectrica y Coupled Jpecimens:
Copper-Aluminum, QQ-A-290-11
Aluninur QQ-R-250-4b .
Coppes-Nickel (70-30)
Honel-Brongs
Stainless 8Steel (216) -
Phosphors -Bronze
8ilver Jase Brazing Alloy -
Stosl, 1004
Alurinum QQ-A-250-11 -
BRronxe
Aluminua QO-A-250-4p -
Steel, 1009
20,000 P314 Stirred Corrosion
Test, weight change, wmg
Insulated Specimens:
Copper
tainleas Ste ), N6
Copper-dickel (T70-30)
Aluminum, QQ-A-250.4b
Phcaphor-bronee
Stcel, galveanized
Steel, 1009
Aluminum, QQ-A-250-11
Broaze
None)
Silver Base Braxzing A ioy
Electrically Coupled 3pecimens:
Copper-hluminum, QQ-A-250-11
%fi Aluminum, QQ-h-250-41b -
) Copper-Bickel {70-30)
#onel ~-Rronze
Stainlxss Steel {316) -
Phosphar.hronge
Siiver Dase Bracing Alloy -
Stenl, 1009
Alwminum, QQ-A.2750-5.1 -
Bronze
Aluminum, UQ-X-25%0-4k
Steel, XX
fump Teol
Average Pxight Logs, my
Stral Gesrn
Sronss Bu.hings
Sorrosion Coupons, weight logs,
eack, mg/
Copper
Aluminuna
Srtecel, galvanized
Steel, 109
Silvey Base Brazing Alloy
Dielsctric Tropeitis
T T Raslstivity, 785 F, ohm-om:
As-Becivad
Wilh Ses-Mater Contamipation:
0.1¥ by volume
0.5 by volusme
2.0%8 by voluse
With “arbon Contamination:
.1 wtivol.
Q.25% wt/voi.

U.7% vt/vol.

Methid

See Chapter 2
Tewt C-4

Proposed military
specification for
gez-watsr emulsi-
fying oils

ASTM D-1169 {med-
ified}. See Chap-
ter 2. Test E-1
Chapter ¢

Test E-5

-

Chapter o
Test E-
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Dielrtric Properties (Cont)

After 40,000 Electric Arcs
(mukes and breaks) at 9C
volts, '0 amperes, 1esig-
tive load

KN+. filtered
Filtered
Solids gencrated, -jram
Dissipation Factor, 76 °F, %
As-Received
With Sca.Water Contamination
0.1% by volume
0.5C by volume
2.0 by volume
With Carbon Contamination:
0.10% wt/vol.,
0.257 wt/vol,
0.50% wt/vol.

After 50,000 Electric Arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered

Filtered

Solids gencrated, gyram
Dielectric Breakdown Voltage,
0.05-inch gap, 76 °F kv

As received

With sea.water contamination:

0.1% by volume
0.5% by volume
2.0% by volume
With carbon contamination:
0.10% wt/vol.
0.25% wt/vol.
0.50% wt/vol.

After 50,000 electric arcs
(makes and breaks) at 30
volts, 10 amperes, resis-
tive load

Rot filtered
Filtered
Solide generated, gram
Contact Life, silver-cadmium, 50
volts, 10 amperes, resistive
load, 6000 psi, 65°-55° F
Number of tests
Operations to failure (range)
Emulsion Stability

Paddle Test, ;f;gr.l-hour set.
tling: . "
Gil, ml
Emulsion, ml
Water, ml
Electric Probe Test, time for
water separation, min

Material Compatibility Static 20KkPST

Butyl

Buna N

Viton B

Ethylene-Propylene
Tetrafluoroethylene (Teflon)
Neoprene

Thiokol

Silicone

Fluorosilicone

1.3

22.4

-3

Poor

¢.nod
Poor

Fair

Fair
Fair

Me thod

See Chapter ?
Test E-7

Sce Chapter ?
Test E-2
See Chapter 2
Test E-5

See Chapter ¢
Test E-6

ASTM D-B77 {mod-

ified). See Chap-

ter 2, Test E-3

See Chapter 2
Test E-S

See Chapter 2
Test E.6

See Chapter 2
Test E-3

ASTN D-1401

See Chapter 2

Test E-4
See Chapter 2

Test C-3

* Based on atmospheric pressure data.
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Volatility
Toxicity P

1 [

etrole

Method

Density, grams/cublc centimeter, at:
0

22 _F 100V F

1507

psig

3.000 psig

S, paig

8,000 psig

10,000 psig
15,000 psig
20,000 psig

See NSRDL
Annapulis Report
MATLAB 3%0

1sothermal Compressibility, volume 35" F 1007 F

150" F

decrease, $, at:

0 psiy
3,000 psig
5,000 psig
8,000 psig
10,000 psig
15,000 psig
20,000 psiq

See NSHDL
Annapolis Report
MATLAB 540

Chemical Stability
Oxldation Stability Test, 203* r,
hours to failure
Oxidation Stability Test, 250° F
Hydrolytic Stability Test
Specimen change, mg
Specimen appearance
Fluid acid number increase,
»g XOH/gram fluid
Water acidity, mg XOH
Insolubles, %
Thermal Stability Test
Fire Resistance
Flash Point, °F
Fire Point, °F
Autogeneous Ignition Temperature,'F
High-Pressure Spray Combustor
Minimur spontanecus ignition
temperature, °F
Minimum reaction temperature,
*
F
No indication of fire, °F
Maximun pressure change, psi
Lowest temperature of maximum
pressure change, °F
Temperature range explored, °F
Miscellaneous Properties

Foaming Tendency, 75° F
Foam after S-minute aeration,
ml
Time out, miitutes
Foam after 10-minute settling,
ml
Neutralization Number, mg NOH/qram
Water Content, ¥ by weight
Neutrality, qualitative
Contamination
Number and size of particles and
fibers in 100-ml fluia
25-100 micrometers
100-500 micrometers
over 500 micrometers
particles over 250 microm-
eters except fibers (length
ten times diameter)
Gravimetric value, mg/100 ml
Specific Gravity at 70/60 °P
Color
Cost $/gal A
Availability

Pour Point, P <-90

Bov._ spec}

212
225

0.858

vailable| from lupTIL.r

ASTN D-G43

Fed. Method £20H
Nilitary specifi-
cation MIL-H-
194578

AST™ D-92
ASTM D-92
AST™ D-2155
See MEL Report
51/66 of March
1967

AS™ D-O7
ASTM D892

ASTM D-OT4
ASTM D-1744
Fed. Method 5101

SAE Method ARP-
598

SAE Method ARP-785)

ASTM D-1298
ASTM D-1500

lpeterminations made at atmospheric preszure, unless noted,
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Supplementary of Properties of miL-K-810198(1)

_ . __Mathod
Material Coupatibil.ty with " See Chapter -
Test C.3
hwa 8 Poor
Batural Rubber Poor
Polyurethane Good

* 3ased on atmospheric pressure data.
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PROPRIETARY FLUIDS
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Fiuid Codo A

wested Uses and Possible Limitations

Fluid Code A, a sea-water emulsifying hydraulic fluid,
Grade 1, petroleum-buase o0il, has the same viscosity as MIL-L-
17672, MS 2110-TH, which is too high for most deep ocean
applications. It has good lubricating properties and good
corrosion-inhibiting properties., 1Its dielectric propecties
are questionable for deep ocean applications in that it has a
low resistivity and a high dissipation factor,

I11-116
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Fluid code a(1)
(Petroleum Base Flui

Viscometrie Properties

=

)

. — ey

140* F., 30 days
Ambient Pressure, coupon
gtirred, corrosion test, weight
change, mg
Copper
Stainless Steel, 316
Copper-Nickel (70-~30)
Aluminum, QQ-A-250-4Db
Phosphor-Bronze
Ste=1, galvanized
Steel, 1009
Aluninum, QQ-A-250-11
Bronze
Monel
Silver Base Brazing Alloy
20,000 PS1G Pressurc-Cycled
Corrosion Test (1§ seawater),
weight change, mg
Insulated Specimens:
Copper
Stainless Steel, 31§
Copper-Nickel (70-30)
Aluminum, QQ-A-250-4Db
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Aluminum, QQ-A-250-11
Bronze
Monel
Silver Base Brazing Alloy

]
.

+

.

[ B N
30!-‘5.40:\)!-'000\%\
EWN = NO =+ DN

+

Viscostity, contistokes, at: e p o0 ¥ 1.0°
C psiyg
3,000 ps1y Suer NSHDL
5,000 psy Annuepulis koot
83,000 paiy MATLAL fhLu
10,000 psiy -
15,000 pary -
70,000 paiy -
Viscosity, centistokes, at 100°F, 41.9
Viscosity, centistokes, at 210° F, 5.93 ASTN D-lid
0 psiy
| _Viscosity Slope, AST™M 0.768 -
Lubricating Ability 1€
T-tall Wwear Test, 30 mwn, %0° ¢, Dry Dry Seawater | 1% Seawater
52100 stecl, average scar dia., Dry (rodified)
mme ry Argonj Cxygen [Wet Argon| Wet Oxygen
5 kg 0.16 - 0.36 - -
10 kg 0.26 0.24 0.28 0.48 -
29 kg Q.29 - 0.41 0.50 -
30 kg 0.34 Q.32 o.43 0.66
Corrosion Protection
Stirred Rust Test, 10% scawater, Pass ASTH D-6EL
180° F, 2 days
On-Off Rust Test, S5CT scawater, Pass See Chapter 7

Fed. Method €407

Test C-5
Sece Chapter
Test C-1

b ]

See Chapter ©
Test C-2
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Corrosion Protection (Cont)
Electrically Coupled Specimens:
Copper-Aluminum, UQ-A-250-11
Aluminue ) -A-250-8b -
Copper -Nickel (70-30)
Monel-Bronze
Stainlesa Steel {316) -
Phasphor -Bronse
Silver Base Brazing Alloy -
Steel, 10054
Aluminue Wa-A-2%0.1]1 -
Bronze
Aluminum A5 4D .
Steel, 1009
20,000 P51g Stirred Corrosion
TYest, weight change, my
Insulated Specimens:
Copper
Starnless Steel, 316
~appec-sicnel (70-%0)
Aluminum, QU-A-290-4b
Phosphor-Bronss
Steel, galvanised
Steel, 1009
Aluminum, QU-A-250-11
Bronge
Konel
S$ilver Base Brazing Alloy
Electrically Coupled Spicimens:
Copper-Aluminum, QQ-A-250.11
Aluminum, QQ-A-250 4D -
Copper-Nickel (70.30)
Mmonel-Bronte
Stainless Steel {316) -
Phonphor-Aronze
Silver Base Brazing Allo, -
Stesl, 1009
Aluminum, QQ-A-250-11 -

B aa

Aluminum, QQ-A-250-4bh -
Steel, 1009
Pump Test
Average Weight Loss, mg
S5teel Geaary
Bronze Bushings
Corrosion Coupons, weight loss,
each, oo
Copper
Aluminum
Steel, galvanized
Stes}, 1009
Silver Rane Brazing Alloy
Dieiectric Properties
- Res:stivity, 77 T¥, ohm-cm:
As-deceived
With Sca-Wate:r Contamination:

LI

ad

Carbon Contamination:
J1% wr/vol.

.25% wt.vel,

i wtivol.

<
¢
2.0% L; volume
r
0

o

Q

OO OCO
o &
HBD—‘O

.
NG
-

. 4x107

See Chapter ©
Test C-4

Proposed m:il.ta:
specification f.:1
sea-water cmuls:i- !

fying cils

ASTH D-1163 [ ~o
1fied} . See Ch

ter 2 . Test E-i

Chapter ¢
Test F-*-

Chapter ¢
Test E-£
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Diclectric Propertics Cunl!
A!ter‘z5jiiiﬁlcv!xxc Atcs

(makes and breaks) at 90
voits, 10 amperes, (egiy-
tive loag
Not filtered
Filtered
Solids genciated, jrar
Dissipation Factor, 77 °F, §
As-Received
With Sca-Water Contaminationg
0.1% by volume
0.% by volume
2.0% by volume
wWith Carbon Contamination:
Q108 wrivol.
Q.24 wt/vol,
C.50¥ we/vol,

After “0,00C Electric Arcs
(makes “nd breaka) at 90
volts, 10 amperes, resis-
tive load

Not filtered
Filtered
Solids gendrated, Jram
Dielectric Breakdow: ‘oltagye,
C.0%-1nch qap, 77 °F. kv
As received
With ses-wal r contamination:
0 ¥ by volume
0. ¥ by volume
% .0%f by volume
with carbon contam;nation:
0.10% wt/vol.
0.257 wt/vol.
C.50% wt/vol.

After 50,C0C electric arcs
(makes and breaks) at JC
volts, 10 amperes, resis-
tive load

Mot filtered
Filtered
Solids generated, graz
Contact Life, silver-cadmium, 50
volts, 10 amperes, resist:ve
load, 6000 ps:, 65°.B5° r
Number of tests
Cperations to fallure (range)
Emuision Stability
Paddie Test, after l-hour set.
tling:

Q:il, ml

Exulsion, =1

Water, =ml

cieCc. .C Prche Test, time for

watsr separation, m:n p
Material Compatibility Static 20KPSI

Butyl

Buna M

viton B

EZthylena-Propylene

Tetraflucrcethylens (Teflon:

Neonrene
Thiskel
Sil.icovm

Flucrosilicene

* i

J0.0

Poor
Good
Good
Poor
Sood

; rair

P Farr
i Falr

* Based On Atmcspheric preds.re tata,

Meth

Sce Chaupt
Tent E

Test E
See Chapt
Test E

Test E

1fiedd . §
ter o,
See CY.

Test E

Test |

See Chapt

i

— e e e AT
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See Chapter

See Chapter
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‘ter
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See Chapter ¢
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Volatility
'l'vxxcx_l_y___ ¥

oensity, Jiame/cublie centimetet, atg
C paty
000 sy
L0000 sty
2,000 pery
10,000 psiyg
14,000 psy
D000 PRLE i
al Cormpressibiloty, volume
docteane, €, ats
QO psiy
3,000 parg
5,000 paty
3,000 peay
10,000 psary
15,000 psi1y
20,0C0 psi13y

et T &

0"

e o o

RO SR

et

TR

P

e i H
L FLIN VISR SN

RATIAD ©

e Nenb el
Antiagso o
MATIAL %'

Chemical stability
Oxidattion stability Test, 203° F,
hours to failure
Oxidation Stability Test, 250° F
Hydrolytic Stability Test
Specimen change, mg
Specimen appearance
Fluid acid number :ncrease,
mg KOH/gram fluid
Water acidity, mg KOH
Insolubles, ¥
Thermal Stability Test
Fire Resistance
Flash Point, °F
Fire Point, °F
Autogeneous Ignition Temperatur&'?
High-Pressure Spray Combustor
Minimum spontaneous ignition
temperature, °F
Minimum reaction temperature,
°F
No indication of fire, °F
Maximum pressure change, psi
Lowest temperature of maximum
pressure change, °F
Temperature range explored, °F
Miscellaneous Properties
Pour Point, 'F
Foaming Tendency, 75° F©
Foan after 5-minute aeration,
ml
Time out, minutes
Foam after 10-minute settling,
nl
Neutralization Number, mg KOH/gram
water Content, ¥ by weight
Neutrality, qualitative
Contamination
Number and size of particles and
fibers in 100-ml fluid
25-100 micrometers
100-500 micrometers
over 500 micrometers
particles over 250 microm-
eters except fibers (length
ten times diameter)
Gravimetric Value, m3/10C ml

Specific gravity, 60/60 °F
Color

Cost j/qal

525

375
430

-10
<10

¢}
n

0.9
0.076
Neutral

582
6

6 fibers
(o}

8.9
0.889

35
jAvailabigq from sup

plier

Availability

proprietary

ASIN D-O42

Fed, Moethod 70
Military speci!.-
cation MiL-H-
194578

ASTM D-OF

ASTM DO
ASTM D-21%¢
See MEL Report
21/6€ of Maren
19€7

ASTM D-37
ASTM D-89C

AST™ D-OT4
ASTM D-1744
Fed. Method . 1C1

SAE Mcthod ArP- |
508

SAE Mcthod ARP- g4

Al D-1268
ASTH D-1600

1Determinations made at atmospheric preswure, unle+s noted.
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Pluid Code A

Material Compat:bi'ity with:

Juna §
Matural Rubber
Polyurethane

Poor
Poor
Good

¢ Based on atmospheric pressure data.

Pl1-12%

e 1 T Tmathod

Ses Chapter .
Test C-

|
j

SN




|
1§
{
!
!
|

Pluid Code B

Suggested Uses and Possible Limitations

PFluid Code B, a petroleum 0il product, was originally
dsveloped for missile use. 1Its viscosity at atmospheric pres-
sure is too low for a general lubrication or hydraulic fluid over
sustained time periods; however, it would be in the right
viscosity range at great depths., It provides exceiient ccrrc-
pion inhidition for ferrou metals but provides no protection
for nonfer ous metals., I.ts electrical resistivity is low and
its dissipation factor is very high, making it queationable for
Xnown deep ocean slectrical application. It is extremely flam-
aable.
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(Petrolaum Base Fluird)

o=

Viscometric Propertier
Viacogity, cen’istokes, at:

100° F

14,0° ¥

O prig
ST pasy
5000 paig
8,000 paiy

10,000 parg
19,000 paig
20,000 paig

Vixrosity, centistoxes, at 100 °F,
Viscosity, centistnkes, at 210° v,
0 peig

Visceesity Slope, AITH

3,42
1.36

Ge853

[ 1 Reted T

See NSRDL
Annapolis Keport
MATLAB 240

ASTM D44t

Lubrl: *ing Ahility
4.8al) Wear Test, 30 min, 50° C,
52100 steel, rverage acar dia.,
LM
1 kg
3 kg
5 kg

Corrosion Protection

Stirred Ruct “aat, 10% ceawater,
180° F, 2 days
On-0ff Rust Test, S0% seawatcr,
W0* P, 30 Jays
Ambient Pressure, coupon
stirred, corrosic: test, weijht
change, ng
T hpper
_aless Steel, 316
. .oper-Nickel (7C-30}
Aluminum, QQ.A-25N-bo
Phosphor -Bronze
Stecel, galvanize .
Steel, 1009
Aluminure, QQ-A-P50-11
Bronze
Korn:l
Silvex pase Brawinj Alloy
26,000 P3IG P-essure -Cycled
Corrosion Teat | 1% seawatwr),
we ight chanyge, mg
insulated Spec mens:
Coppe~
Stainless Strei, 316
Copper-tickel {70-30}
Aluminum, Q-A-PC0 L
fhosphor-bronze
Stuel, galvanizeid
Steel, 1069
hlumii. -, QQ-A-750-11
Bronze
Monel

PO

e o

Siiver Bawe g;az;gg‘hllo{Jh_
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Fed. Mzthod 6707
(modifiea)

ASTM D-6€5

See Chapter 7
Test C-H
Sre Chapter ¢
Test C-1

See Chapior |
Test C-¢
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Cotzoston Piotection i_cm-.t)
ElectTivally Coupled Specimens:
Copper-Aluminum, dWA=-U950<11
AMluminum UQ-A-IN0bb o
Copper-Rickel (70-50)
Monel-Bronege
Statnless Steel (316) -
Phosphor-Broneze
Silver Base Hrazing Alloy -
steel, 1004
Aluminum WWW=-A-U0-11 -
Hronze
Aluminum YQeA=CRU -4 -
Stecl, 1COY)
PC,0 FSIG strzed Corrusion
Test, welght change, mg
Insulated Specimenu:
Coppw
Stainless Steel, 316
Copper-Nickel (70-30)
Atuminum, QQ-A-250-4p
Phosphor-~Bronze
Steel, galvanized
Stecl, 1009
Aluminum, QQ-A-US50-11
Bronze
Monel
Silver Base Brazing Alloy
Tlectrically Coupled Specimens:
Copper-Aluminum, QQ-A-25C-11
Alumtnum, QQ-A-250-4yp -
Copper-Nickel (70-30)
Monel.Bronze
Stainless Steel (316) -
Phosphor-Bronze
Silver Base Braring Alloy -
Steel, 1009
Aluminum, QQ-A-I50-11 -
Bronze
Aluminum, QQ-A-050-4p -
Steel, 1009
Pump Test
Average Weight; Loss, mg
Steel Gears®
Bronze Bushings
Corrosion Coupons, weight loss,
each, mg/cm
Copper
Aluminum
Steel, galvanized
Steel, 1009
Silver Base Brazing Alloy
Dielectric Properties
Resistivity, 76 °F, ohm-cm:
As-Received
With Sea-Water Ccntamination:
0.1% by volume
0.5% by volume
2.0¥ by volure
With Carbon Cortamination:
0.1% wt/vol.
0.25% wt/vol.
0.5% wt/vol.

1.0x10

e - PR

See Chapter
Test C-4

!
Proposed ril:zur;{
specification f.o1 )
sca-watcr emule -

i
|
fying oils i

ASTM D-1169 {mod.
ified). See Chap-
ter 2. Tes®. E-1
Chapter 2

Test E-7
Chapter 2

Test E-{

111-124
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Diuiectric Propecties Cont)

After 50,000 Electric Arcs
(makes ant breaks) at 00
vults, 10 amperes, resis-
tive load

Not filtered
Filtered
Solids yenerated, gram
Dissipation Factor, 76 °F, &
As-Received
With Sea.water Contaminationy
0.1% by volume
0.5% by volume
2.0% by volume
With Carbon Contamination:
0.104 wt/vol.
0.25% wt/vol.
0.50% wt/vol.

After 50,000 Electric Arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered

Filteved

Solids generated, gram
pPielectric Breakdown Voltage,
0.05-inch gap, 76 *?, kv

ks received

With sea-water contamination:

0.1% by volume
0.5% by volume
2.0% by volume
With carbon contamination:
0.10% wt/vol.
0.25% wt/vol.
0.50% wt/vol.

After 50,000 ejectric arcs
(makes and breaks) at 90
voltsg, 10 ampcres, resise.
tive load

Not filtered
Filtered
Solids generated, gram
Contact Life, silver-cadmium, &0
volis, 10 amperes, resistive
load, 6000 psi, 65°-B5° r
Number of tests
Operations to failure (range)
Emulsion Stability
Faddle Test, after l-hour set-
tling:

Oil, =i

Emalsion, mi

Water, il

Electric Frobe
water separa!

, time for
, min

Maievisl Compatiusiity Static 20KPSI

Rutyl

Bun N

Viton B

Ethylene-Propylene
Tetrafluorcethylene (Teflon)
Nzoprene

Thiokol

Silicone

Flucrosilicone

ny
(o1
.

23
57

£

Method

(SRR

See Chapter ¢
Test E-7

See Chapter
T=st E-2
See Chapter ?
- Test E-5
See Chapter ¢
Test £-6

ASTM D-877 (mod-

ified). See Chap-

ter 2. Test E-3

See Chaptey 2
Test -5

See Chapte
Test E-

See Chapter 2
Test E-3

ASTM L-1401

S2e Chapter 2
Test E-U

Sve Chapter 7
Test C-3

FH1-125
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lpetermirations made at aumospheric pressure, unless noted,
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Voiatility r—
Toxicity Petcoloua .

h‘i‘.‘.ﬂ‘ jraza/cubic centimcter, nt: | SL° F 1007 F —-l_’;(Sr:[“jP R S

0 psig See NSRLL
3,0C. psig Annajobin kepoat
5,000 psiy MATLAL 34t
8,000 psig
10,000 paiy
15,000 psiy

20,000 psig
1sothermal Compresaibility, volume ™" F 100 ¢ IO N
decrease, ¥, at: See NsKLL

¢ psig Annapolis kepiat
3,000 paig MATLAB 250
5,000 paig
8,000 paig
10,000 prig
15,000 paig

20,000 paig
Chamical Stability T
TOxldation Statility Tes. 203° F, ASTM D-OU3
hours to failure
Oxidation Stability Test, 250° F Fed. Method '.20%
Hydrolytic Stability Test Military specif.-
Specimen cliange, mg 0.12 cation MIL-H-
Specimen appearance L.ti.f.ctwty 194578
Fluid acid number increase, 0.21 -
mg KOH/gram fluid
Water ?cid:?y, mg KOH 10 -
Insolubles, # nil -
Thermal Stability Test -
Fire Resistance
Flash Point, °F 205 ASTM D-)i
Fire Point, °F 215 ASTM D)7
Autogeneous Ignition Temperature, °F ASTH D-¢ 1%
High-Pressure Spray Combustcr Sce MLL .ot
Minimm spontaneous ignition 51766 o0 N
tempe wture, °F 19€7
Mininum reaction temperature, -
°F
No indication of fire, °F -
Maximum pressure change, psi -
Lowest temperature of maximum -
pressure change, °F
Temperature range explored, °F -
Miscellaneous Properties
Pour Point, 'F AS 1 Do
Foaming Tendency, 75° F ASYM Do)
Foam after S-minute aeration, -
ml
Time out, minutes -
Foam after 10-minute settling, -
mi
Neutralizaticn Number, mg KOH/gram | Q.09 ASTM D=4
Water Content, % by weight ASTM D-1744
Neutrality, qualitative Fed. Meth.
Contamination -
Number and size of particles and SAE Methoed Rbp-
fibers in 100-ml fluid +08

25-100 micrometers -

100-500 micrometers -

over 500 micrometars -

particles over 250 microm- -

eters except fibers (length

ten times diameter)

Gravimetric Value, mg/100 ml SAE Mothasnd Abi.
Specific gravity at 70/70 °F 0.852 ASTM D-1. 4t
Color ASTM D1

Cost $/gal Rvailablef from supplier -

Availability |proprietary ] I

G AN OATARIEINONOS 737 A 5




Pluid Code C

ggggpotod Uses and Posmibie Limitations

As a petroleum oil product, Fluid Code C has viscosity
properties similar to those of MIL-H-46004 and has been used
as an immersion medium for electric motors at pressures cor-
responding to a depth capability of 20,000 feet, Its viscosity
is todo low at atmcspheric pressure to consider it as a general
lubricant over sustained periods of time. It shows good core
rosion inhibition for both ferrous and nonferrour metals. It
hte a low electrical resistivity and a high dissipation factor,
makirg it questionable for any known deap ocean electrical
application. It is extremely flammable.
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(Petroleus sase Fluid

rluid code c{?)

)

Corrosion Protection

Sstirred Rust Test, (7 seawater,
150° £, 2 days
On-Off Rust Test, S0Y seawater,
140°* P, 30 days
Ambient Pressure, coupon
stirted, corrosion test, weiqht
change, mg
Copper
Stainless Steel, 316
Copper-Nickel f70-30)
Aluminum, QQ-A-c50-4b
Phosphor-RAronze
Steel, galvanized
Steel, 1009
Aluminum, QQ-A-05C-11
Bronze
Monel
Silver Base Braring Alloy
20,000 PS1G Pressure-Cycled
Corrosion Test (1¥ scawater),
weight change, mg
Insulated Specimen-:
Coppe<t
Stainless Steel, 316
Copper-Nickel {70-30)
Aluminum, QQ-A-250-4b
Phosphor-Rronze
Steecl, galvanived
Steel, 1009
Aluminum, Q0Q-A-250-11
Bronze
Monel
Silver Base Brazing Alloy

Pass

-17.8
+ 0.3
- 0.4
+0.6

- 5.5
- 0.2
+ 0.2
+ 0.3
- 5.6
+ 0.2
- 5.2

[ Mothod
Viscometric Properties (2) [T -
Viecosity, centistokes, aty ° F 100 F 100 R
9] pli\] 2
3,000 psig 17 Sew NulbL
5.C0C psiy 22 Annapol s iepsen?
8,000 psig 32 MATIAB *60
10,000 psi13 42 -
15,000 psig 82 -
20,000 paig 180 -
viscosity, centistokes, at 100 °F, 3.73
Viscosity, centistokea, az 210° P,| 1.4 ASTN D-LbLE
0 psig
Viscosity Slope, ASTM 0.825 -
Lubricating Ability
L 3all Wear Test, 30 nin, 50° c, Fed. Method €407
52100 steel, average acar dia., {modified)
mn
1 kyg 0.18 -
3 kg 0.25 (scduffing, o}l film lopt) -
5 kg 0.30 (squffing, o}l film iopt) -

ASTN 1B

See Chante
Test C-+»

See Chapter |
Test -1}

Sce Charter

Tes* C-U

i11-128

[ ——

o~

Ll sl

-

,...&._.*__...

o ——

ey

[N —

f




Cortogien 2rotection (Cont)
LlrvtxxcullquZu;ﬁ?jLSpcvxmens:
Coppet-Aluminum, QWb G011
Alurinum yeA« 0-4b -
Coppet -Nickel (70-30)
Monel-Bronze
Stainless Stecl (416) -
Phosplor cBronee
Silved Base Brazing Alloy -
Steel, 1004
Aluminum QU=A=T50-11 -
Bronze
Alumsnum QQ-A-H0-4b -
Steel, 1009
20,000 PSIG Stirred Corrosion
Test, welight change, my
lnsulated Specimenss
Copper
Stainless Steel, 316
Copper-Nickel (70-30C)
Aluminum, QQ-A-250-4b
Phosphor -Bronze
Steel, ygalvanized
Steel, 1009
Aluminum, QU-A-250-11
Bronze
Monel
S$ilver Base Brazing Alloy
Electrically Coupled Specimens:
Copper-Aluminum, QQ-A-7%0-11
Aluminum, QQ-A-250-4p -
Copper-Nickel {70-30)
Monel -Bronze
Stainless Steel (316) -
Phosphor-Bronze
Silver Base Brazing Allc: -
Steel, 1009
Aluminum, QQ-A-FH0-11 -
Bronze
Aluminum, QG-A-?4HC-4b -
Steel, 1009
Pump Test
Average Weight Loss, my
Steel Gears
Bronze Bushings
Corrosion Coupons, weight loss,
each, mg/cm
Coppn X
Aluminum
Steel, galvanized
Steel, 1009
Silver Base Brazing Alloy
Dielectric Properties
Resistivity, 7 °F, ohm-cmi
As-Received
With Sea-Water Contamination:
0.1% by volume
0.%% by volume
2.0% by volume
With Carbon Contamination:
0.19 wt/vol.
0,257 wt/vol.
0 .56 wt/vol.

c+l.2 40.59

{10% seawgter)

— ———

+0.2 +0.1

+0.1 -0.)

4,310

11i-129

“thod B

See Chapter
Test C-4

Proposed miliiary
specification for
sea-watelr ormuls
fying oils

ASTM D-1163 (mod-
:fied). Scc Chap-
ter & . Test E-1
Char*er 2

Test E-H
Chapter 2

Test E-€

e e e
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Dielectric Properties {Cont)

Afrer 50,000 Electric Arcs
(makes and breaks) at 90
volts, 10 amperes, 1esig-
tive load

Nut tiltered
Firliered
Sulids gyenerated, yram
Dissipation Factor, 77 °r, %
As-Recetved
With S5ea-Water Contaninationg
C.1f by volume
0.% by volume
2.04 by volume
With Carbon Contaminations
0.10% wt/vol.
0.25% wt/vol,
0.50% wt/vol.

After 50,000 Electric Arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered

Filtered

Solids generated, gram
Dielectric Breakdown Voltage,
0.05-inch gap, 77 *P, kv

As received

With sea-water contamination:

0.1% by volume
C.5% by volume
2.0% by volume
With carbon contamination:
0.10% wt/vol.
C.2O% wt/vol.
0.50% wt/vol.

After 50,000 electric arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered
F.ltered
Solids generated, gram
Contact Life, silver-cadmium, 50
volts, 10 amperes, resistive
load, 6000 psi, 65°.85° F
Number of tests
Operations to failure {range)
Emuision Stability
Paddle Test, after l-hour set-
tling:

0il, ml

Emulsion, ml

Water, ml

Electric Probe Test, time for

water separation, min
Material Compatibility Static Z(CKPSI

Butyl

Buna N

Viton B

“thylene-Propylene

vetrafluoroethylene (Teflon)

Neoprene

Thiokol

Silicone

Fluarosilicone

>60

28.4

25
55

[

T mMethod
See Chapter .
Test E-7

Seve Chapte:r
Test E-o
See Chapter o
- Test E-%,
See Chapter ¢
Test E-{

ASTM D-87T7 (mod-

ified). See Chap-

ter 2. Test E-3

See Chapter ¢
Test E-9

See Ciapter -

- Test E-f

See Chapter
Test E-3

ASTM D-1hc]

See Chapter ¢
Test F-4

Sec Chapte:
Test C-3
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ty, grame/cubic centimeter, at:
0 peig

3,000 peig

3,000 peig

8,000 paig

10,000 peig

000

uethod

. g

150" ¥

o« o &

ocoo00¢Q
ZEEEIE

-

See NERDL
Annapolis Repurt
MATLAB 30

20,000 peiq
@m volue decreass,
. Bt

0 paig
3,000 paig
5,000 petg
8,000 psig
10,000 peig
15,00C paig

20,000 paig

g
g

&

~AN &R e
ol
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N D e
R ONDO

See WSRDL
Annapolis Repor:
MATLAB 350

chenlcal Btabliity

Oxidation stability Tesy, 203° r,
hours to failure
Oxidation Stapility Test, 25C° P
Rydrolytic Stability Test
specimon change, mg
§pecimen appearance
Pluid acid number increase,
ng KOH/gram fiuid
Water acidity, mg MOH
Insolubles, %
Thermal Stability Test
Pire Resistance
~ Flash polnt, °r
Pire Point, °F

Autogenecus ignition Temperature,'r

High-Pressure Spray Combusior
Ninimum spontanecus ionition
temperzture, °F
Minimum reaction temperature,
*
4
#o indication of fire, °F
Natimua pressure change, psi
Lowest temperature of maximum
pressure change, °F
Temperaturs range explored, °F
Miscellansous Propertics
Pour Point, P
foaming Tendency, 75° F
Foam after S.minute seration,
nl
Tine cut, minutes
Foam after 1C-minute settling,
ml

Neutralixation Number, mg KOH/qram

Mater Content, % by weigh:
Reutrality, qualitative
Contamination

Wumber and s:ze of particles and

fibers in 1C0.ml fluid
25-100 micromsters
100-500 micrometers
osvar 500 micromstars
particle. over 290 microm-

aters sxcept fibers (length

ten times dimater)
Gravimetric Value, mg/100 ni
Specific gravity rt 70/60 °r
Color

Cost §/gml
Avallability

200
220

<-90

0.09

0.858

Available| from supy
proprietary

lier

ASTH D-G4?2

Fed, Method 4208
Military specili-
cation MIL-H-
194578

AST™ D-92
AS™ D937
AST™ D-C1lh%
See MEL Report
31/6€ c: March
1967

AST™ D97
ASTM D-BIC

. ASTM D-374

AS™ D-174LL

Fed, Method ' 101
SAF Methisd ARP-
Bltls)

SAE Method ARE-T95
AS™M D-1298
! ASTM D-1°0C

ERN

i11-131

lneterminations made at atmospheric pressura, unless noted.
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rluid Code D

Suggested Uses and Possible Limitations

Pluid Code D has been suggested for use in a fric-
tion drive system. 1ts xelatively high viscosity and lack of
corrosion inhibition make it questionable for use as » general
petroleum lubricant or hydraulic fluid. 1Its dielectr.c prop-
erties have not been determined. It is flammable,

111-132
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Pluid code pi?)

(Petroleum Base rluid}

Viscometric Properties

Viscosity, centistokes, att

0 paiy

3,000 ps:i1g

5,000 psig

8,00U psty

10,000 psig

15,000 pstg

20,000 psig

viscosity, centistokes, At 100 °P,
Viscosity, centistokes, at 210° ¥,

0 psig
Viscosity Slope, ASTM

35 p

100t r | 1v0t ¥

15.7

19.7

$3.2

3.86
0.7T76

Method _ {

See New Departure
Letter to NSRDC,
26 Feb 19083

ASTM D-445

Lubricating Ability

T-Ball Wear Test, 30 ain, 50°* C,
52100 steel, average scar dia.,
mme

1 kg
3 kg
5 kg

Corrosion Protection

stirred Rust Test, l0%¢ seawater,
130° F, 2 days

or-O0ff Rurt Test, 504 seawater,
140° F, 30 days

Ambient Pressure, coupon
stirred, corrosion test, weight

change, mg
Copper
Stainless Steel, 316
Copper-Nickel {70 .30)
Aluminum, QQ-A-25G-¢>
Phosphor-Bronze
Steel, galvanized
Steel, Y209
Aluminum, QQ-A-250-11
Bronze
Monel
Silver Base Brazing Allvy

20,000 PSIG Pressure-Cycled

Corrosion Test (1% seawater),

weight change, mg
Insulated Specimens:

Copper
Stainless Steel, 316
Copper-Nickel (70-20)
Aluminum, QQ-A-250-4Db
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Aluminum, QQ-A-250-11
Bronge
Monel
Silver Base Brazing Alloy

- pr

Fed. Method 6507
{modified)

AST™M D-665

See Chapter 2
Test C-5

See Chapter 2
Test C-1

Sec Chapter 2
Test C-2

111-133
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Corrosion Protection (Cont)
Electricully Coupled Specimens:
Copper-Aluminum, QQ-A-250-11
Aluminum QQ-A-2504b -
Copper-Nicke!l (70-30)
Honel-Bronze
Stainless Steel (316) -
Phosphor -Bronze
Silver Base Brazing Alloy -
Steel, 1004
Aluminum QC-A-250-11 -
Bronze
Aluminum QQ-A~250.4h -
Steel, 1009
20,000 PSIG Stirred Corrosion
Test, weight change, mqg
Insulated Specimensg
Copper
Stainless Steel, 316
Copper-Nickel (T70-30)
Aluminum, QQ-A-250-4b
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Aluminum, QQ-A-250-11
Bronze
Monel
Silver Base Brazing Alloy
Electrically Coupled Specimens:
Copper-Aluminum, QQ-A-250-11
Aluminum, QQ-A-250-4p -
Copper-Nickel (70-30)
Monel-Bronze
Stainless Steel (316) -
Phosphor.Bronze
Silver Base Brazing Alluy -
Steel, 10C9
Aluminum, QQ-A-250-11 -
Bronze
Alnminum, QQ-A-250-4n -
Steel, 1009
Pump Test
Average Weight Loss, mg
Steel Gears
Bronze Bushings
Corrosion Coupons, weight loss,
each, mg/c
Copper
Aluminum
Steel, galvanized
Steel, 1009
Silver Base Brazing Alloy
Dielectric Properties
Resistivity, F, ohm-om:
As-Received

Method

See Chapter 2
Test C-U

Proposed military
specification for
sea-water emulsi-
fying oils

ASTM D-1169 (mod-
ified). See Chap-
ter 22 Test E-1

With Sea.Water Contamination: Chapter 2
0.1% by volume Test E-§
0.5% by volume -

2.0% by volume -

With Carbon Contamination: Chapter 2
0.1% wt/vol. Test E-6
0.25% wt/vol. .

0.5% wt/vol. -

111-134
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topetties (Cont

TR r s Srrat e
(makes and breaks) at 90
volty, 'O amperes, stesis-
tive load

Not tiltered
Filtered
solids generated, guram
Dissipation bactour, °F, ¥
As-Recerved
With Sea-Water Contaminationg
0.1% by volume
C.u% by volume
2.0% by volume
With Carbon Containinations
0,108 wt/vol.
C.0%% wt/vo!' .
Q.50% wt/vol,

Atter 0,000 Electric Arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered

Filtered

Solids generated, gram
Dielectric Breakdown Voltage,
0.05%-inch gap, °F, kv

As received

With sea-water contamination:

0.1% by volume
0.5% by volume
2.0% by volume
With carbon contamination:
0.109 wt/vol.
0.25% wt/vol.
0.50% wt/vol.

After 50,000 electric arcs
(makes and breaks) at 90
volts, 10 anperes, resis-
tive load

Not filtered
Filtered
Solids generated, gram
Contact Life, silver-cadmium, 50
volts, 10 amperes, resistive
load, 6000 psi, 65°-85° F
Number of tests
Operations to failure (range)
Emulsion Stability
Paddle Test, after l-hour set-
tling:

0il, ml

Emulsion, ml

Water, ml

Electric Probe Test, time for

water separation, min
Material Compatibility Static 20KPSI

Butyl

Buna N

Viton B

Ethylene-Propylene

Tetraflucroethylene (Teflon)

Neoprene

Thiokol

Silicone

Fluorosilicone

4o

(.»m. e e s
Diedoctoie p

Mothoar
W -t
See Chapter”

Test L-?

Svie Chaptes
Test Ler
See Chapter
- Test E-L
See Chapter
Test E-f

ified). Sce

See Chapter

Test E-Y
See Chapter
-~ Test E-€

See Chapter
Test E-3

ASTM D-1401

S2¢ Chapter
T=st E-4
See Chapter
Test C-3

ASTM D-E77 (mod-
Chap-
ter v, Test E-}

?

ny
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Eﬁf"‘lﬁﬁi -
Toxicity o Petroleun -
9.\1\5 -(}‘. 'l-'tl"':i,'\‘ui'lc Cenitametetr, at: 5'.;' r ’ 100° ¥ 1.0 '{r - -~ R bt i
Q pary Sce NSRDL
OO0 psig Annapolis Kojeort
500 psiy MATIAN 240
H,00C psay
10,000 paig
14,000 psiyg
L0000 pstg . )
T erihetmal Compiessibile 7 Vetame | ST F T O SN I e }
decreasc, | Tt - e T Soe NSRDL
C pstyg ! Annapolis Moport
5,000 paty MATLAR L0
£L,000 pag
i 8,00C psta ~
l WLOCO puty
17,000 psty
20,000 psig
Chom-cal Stabiiity =t ]
Uxidat:ion stability ‘Test, 203" F, ASTR D02
hours to fatlure
Oxtdation stability Test, 250° F Fed. Method Y20
Hydrolytic Stability Test Militavy specili-
Specimen change, my cation MlL-*i-
Specimen appearance 194518
Fluid ac:d number increase, -
mg KOH/gram fluid
water acidity, my KOH -
Insolubles, X -
Thermal Stability Test -
Fire Resistance
Flash Point, °F 270 ASTM D-)7
Fire Point, °F 295 AST™ D-)7
Autrogeneocus lgnition Temperature,°F ASTN D-T18Y
High-Pressure Spray Combustor Sce ML Report
Minigum spontancous ignitior 51/6€ of March
temperature, °F 1967
Mininum reaction tempcrature, -
o
F
Wo indication ot fire, °F -
Maximum pressure change, psi -
Lowest temrerature of maximum -
pressure change, °F
Temperature range oxr lored, °F -
Miscellancous Propertics
Po.r Point, F -60 ASTM D-O7
Foaning Tendency, 75" F - ASTM D-E92
Foam after S-minute aeration, -
ml
Time out, Mintice <l -
Foam after l0-minute settling, 0 -
=l
Neutralization Number, mg ROH/gram 0.0) ASTN D-OTA
water Content, % by weight 0.01U ASTM D-1744
Neutrality, qualitative neutral Fed. Method 51C1}
Contamination -
Number and size of particles and SAE Mcthod ARP-
fibers in 100-ml fluid 598
25-1C0 micrometers -
100-500 micrometers -
over 500 micrometers -
particles over 250 microm- -
eters except fibers (length
ten times diameter)
Gravimetric Value, mg/100 ml SAE Mcthod ARP- 785
specific gravity at 60/60 °F 0.837 ASTM D-1298
Color ASTM D-1500
Cest $/gal hvailablel from supplier -
Availability >roprietary -

lpeterminations made at atmospheric pressure, unless noted.
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Fluid Code E

suggested Uses and Possible Limitations

R

-

..

-

Fluid Code E is used in submersible motors. There is con-
siderable field experience to show that this fluid may be used
as a motor immersion fluid., 1Its viscosity is low, it provides
no corrosion protection, and it is extremely flammable, Initial
dielectric properties are good, but additional information
relating to electrical applications is lacking.

I1I-137

AN SV L . -




Viscomefric Properties

Viscosity, centistokes, ot

0 psiy

3.000 psiy

5,000 paig

3,000 psiyg

10,000 psiy

15,000 psig

20,000 psiy

Viscosity, centistokes, at 100 °F,
Viscosity, centistokes, av 210° F,

0 psig
Viscosity Slope, AST™

——

rluid Code £\})

(Petroleum Hase Fluid)

e

345° F 100" ¢

1-,0°

g e w eee

v

4.26
1.50

0.839

o "Iﬁ“"~m.&]£ﬁf'

NH KDL
Annapolis Ko i
MATLAB L0

See

R3TM D-4d

Lubricating Ability
4 .Ball Wear Test, 30 min, 50° C,
52100 steel, average scar dia.,
mms
1 kg
3 kg
5 kg

Corrosion Protection

Stirred Rust Test, 10% seawater,
140° F, 2 days
Oon-Off Rust Test, 50% seawater,
140° F, 30 days
Ambient Prassure, coupon
stirred, corrosion test, weight
change, mg
Copper
Stainless Steel, 316
Copper-Nickel (70-30)
Aluminum, QQ-A-250-4b
Phosphor-Bronze
Steel, galvunized
Steel, 100G
Aluminum, QQ-A-250-11
Bronze
Monel
Silver Base Brazing Alloy
20,000 PSIG Pressure-Cycled
Corrosion Test (1% seawater),
weight change, mq
Insulated Specimens:
Copper
stainless Steel, 316
Copper-Nickel {70-30)
Aluminum, QQ-A-250-4b
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Aluminum, QQ-A~250.11
Bronze
Monel
Silver Base Brazing Alloy

Fed. Method 6.0
{modificd)

ASTM D-66Y

See Chapter ©
Test -5

See Chepter 2
Test C-1

See Chapter 7
Test C.2

I11-138




Cotrcoon Protection Yot
A ja 2 \

L

Slectorcal by Coupted Spoc e

Copper AT, Gw-h-000211

Aluminuar Q)AL Yy o
Coppoet =Nickael ( SR )

Mon ~Hronge

St aless steel (41t} o
Eoosplhici <Brons

Salver Base Hoasing Al
Yrecl, ool

Alupinum QU-A- C O -
Bronze

Aluminam Qo -A- 0 o
Steel, vy

COLCOC PS TG Stinae b Cotositan
Test, werght Chan ge, myg
Insulated Spccame g

Cuppet

stainless s3teel, M6

Coppet =Nickel ('(lx-'\U)

Aluminum, Qu-A-l""0-db

Phosphot -Bronge

Steel, gqalvanized

Steel, 10O

Alumiaum, Qu-Aa-l 0o

Bronze

Mornel

Silver Base Brazing Alloy

Flectrically Coupled Specimens:
Copper-Aluminum, QQ-A-0H0-11

Aluminum, QU-A-250-4b -
Copper-Nickel (70-30)

Monel-~Bronze

Stainless Steel (316) -
Phosphor-Bronze

Silver Base Brazing Allovy
Steel, 1009

Aluminum, QQ-A-250-11 -
Bronze

Aluminum, QQ-A-50-4 b -
Steel, 1009

Pump Test
Average Weight Loss, mg

Steel Gears

Bronze Bushings

Corvosion Coupons, weight loss,

each, mg/r:m2
Copper
Aluminum
Steel, galvanized
Steel, 1009
Silver Base Brazing Alloy

Dielectric Properties

Resistivity, 73 °F, ohm-cm:

As-Received

With Sea-Water Contamination:
0.1% by volume
0.5% by volume
2.0% by volume

With Carbon Contamination:
0.1% wt/vol.
0.25% wt/vol.
0 %% wt/vol.

2.6x10%>

T oMt ol

Leo Chapten
Test b

Proposed military
specification for
sea~water emulsi-
fying oils

ASTM D-1169 (mod-
ified). See Chap-
ter 2. Test E-1
Chapter 2

Test E-5

Chapter 2
Test E-6
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Drede vy
Attt ‘3‘(\‘{‘ P beet e A
croake el Preaks gt a0
UL, T arperen, res iy -
tive o
Mot il tered
Frltered
sobr b generated,  grare
Dt Factor, 8 °p
A oRece cved
With Sea-Water Contaminationg

L by volunme

G by volume

2.07 by volune

With Carbon Contaminationts

OL 107wt vl

QU007 wt vol,

OO0 wt/vol,

Atter 20,000 Electric Arcs
(makes and breaks) at 90
volts, 10 amperes, resise
tive load

Not filtered

Filtered

Solids generated, yram

Dielectric Breakdown Voltage,
0.05-inch gap, 73 °F, kv

As received

With sea-water contamination:

0.1% by volume

0.5 by volume

" by volume
With carbon contamination:
0,107 wt/vol.
0.25° wt,/vol.
0.5C¢ wt/vol.

After 50,000 electric arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered
Filtered
Solids generated, gram

Contact Life, silver-~cadmium, 50
volts, 10 amperes, resistive
load, 6000 psi, 65°-85° F

Number of tests

Operations to failure {range)

Emulsion Stability
T Paddle Test, after l-hour sct-
tling:

0il, ml

Emulsion, ml

Water, ml

Electric Probe Test, time for
water separation, min

Material Compatibility Static 20KPSI

Butyl

Buna N

Viton B

Ethylene-Propylene

Tetrafluoroethylene (Teflon)

Neoprene

Thiokol

Silicone

Fluorosilicone

U.H

1.2

4o

4o

Mo

Seo Clronta g
Tent b+
Sl Cliapter
.Il‘ ot ' .
Ser Ol
- Test -

See Chapter o
Test kE-f

ASTM D-B77 (mcd-

ified). See Chap-
ter 2. Test E-3
See Chapter ¢

- Test E-%5

See Chapter &
Test E-F

See Chapter 7
Test E-3

ASTM D-1401

See Chapter 7
Test E-U

See Chapter ¢
Test C-3
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,' r - nethd T
!glptili:k Ty
Toxicity Pet3o]un S ~ -
| Dcﬂlitx. grams/cubic centimeter, ats | 35 F WO' F 1 g e e
U psig - S$ee NSHDL
1,000 psig Annapolis Keport
5.000 paig MATLAE 540
8,000 psig
10,000 psig
15,000 psiy
L. 20,000 ps i\l e e e
1sothemmal Compressibility, volume |2 F 100° ¥ [N .
decvease, X, at: See NSKDL
9 psiy Annapolis kepurt
3,00 psiy MATLAL 250
5,000 paig
8,000 psig
10,000 psiq \
15,000 psig |
20,000 pyig 1 e
Chemical Scobilit
Oxidation stabilit:y Test, 203°* 7, ASTM D-O4Z
houyvs to failure
Oxidation Stability Test, 250° F Fed. Mcthod 5308
Hydrolytic Stability Test Military speciti-
Specimen change, mg cation MI1L-N-
Specimen appearance 194578
Fluid acid number increase, -
mq KOH/gram fluid
Witer acidity, mg XU -
Insolubles, & -
Thermal Stability Test -
Fire Resistance
¥lash Point, °F 185 ASTNM D9P
Fire 2oint, °F 190 | ASTM D-9P
Autogeneous Ignition Temperature, ¥ ASTM D210
H.-h-Pressueve Spray Combusicr Sce MEL oeport
Minimum spontanecus ignition 41/€€ of March
temperxature, °F 1967
Minimum rraction~ I(amperature, -
L]
F
Nn indication of fire, °F -
Naxipum pre sure change, psi -
Lowest temperature of maximum -
pressure change, °F
Temperature range explored, °F -
Miscellaneous Properties
pour Point, 'F ASTM D-97
Foaming Tendency, T75° F ASTM D-892
Foam after S-minut= aeration, -
ml
Time out, minutes -
Foam after 10-minute settling, -
ml
Neutralization Number, mg XOH/gram AST™ D-OT
Water Content, % by weight ASTM D-1744
Neutrality, qualitative Fed, Method %.01
Contamination -
Number and size of particles and SAE Mcthod ARD-
fibers in 100..m1 fluid 598
25-100 micrometets -
100-500 micrimeters -
over 500 micrometers -
particles over 250 microm- -
eters except fiders (length
ten times diameter)
Gravimetric Value, mg/100 ml SAE Method ARP-7RY)
Specific gravity at 69/60 °F 0.830 ASTM D-1298
Color ASTM D-1500
Cost  §/gqal hvailable| from supglier -
Availability roprietaky -

l'Det:mmu‘.nat:icms made at aimospheric pressure, unless nated.
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Fluid Code F

Suggested Uses and Possible Limitations

Fluid Code F has a low atmospheric pressure viscosity for
a general-purpose petroleum lubricant over u sustained time
period. Its corrosion-inhibiting properties are moderately
good for both ferrous and nonferrous metals. It is flam-
mable. Initial dielectric properties are good, hut additional
information relating to electrical applications is lacking.
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rluid code r(1)

(Petroleum Base rluid)
. —

e e e e g e e
Vxlcomitf;xE-!_xw_xlxel a
Viscosity, contistokes, at; b 4 1009 1t 11 0%
C psig
00C psiy See NSkDL
000 psiy Annatol s kepoat
000 ps1y M TLAL * ¢
000
o0

)l
9,
sa
10, psig -
15, psiy -
20,000 psiy -

Viscosity, centistokes, at 100° r,| 4.68
Viscosity, centistokes, at 210° F, 1.59 RS TM D il
C psig
Viscosity Slope, AST™ 0.836 -

Lubricat.ng Ability - - T T T
4 _.Ball Wear Test, 30 min, 50° C, Fed., Mothod F90e
52100 stecl, average scar dia., (rodyfret)
mm3
1 kg -
3 kg -
5 kg .

Corrosion Protection

stirred hust Tesi, 1C% seawater, ASTM D-£6¢
140° F, 2 days Pass
On-Off Rust Test, 50% seawatcr, Fail See Chapter
140° F, 30 days Test C-°¢
Ambient Pressure, coupon See Chanrter
stirred, corrosion test, weight Test C-1
change, mg
Copper -
Stainless Stesl, 316 -
Copper-Nickel [70-30} -
Aluminum, QQ-A-050-4b ~
Phosphor-B: nze -
Steel, galvanized -
Steel, 1009 -
Aluminum, QQ-A-25C-11 -
Bronze -
Monel -
Silver Base Brazing Alloy -
2C,000 PSIG Pressure-Cycled See Jharter
Corrosion Test (1¥ seawater), Test O
weight chanye, mg
Insulated Specimens: i
Copper -
Stainless Steei, 316 : i -
Copper-Nickel {70-1C) i P -
Aluminum, QG -A -7 3 -l ! L
Phosphor-Bronze H : -
Stee! galvanired ; : .
Steel, 10X9 ‘ : : -
Alumipnum, JX0-A-T0-10 ! : ‘ -
8:onze ‘ ; .
Monel : ; . R
Stiver Base 3. .r:ng Alloy : ; ‘ .

.

N
SISV - VI |
1

Loy
|

DL OOmMmMCOOO0
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S_;_n frostun Protection ((.'un ‘)
Electrically Coupled Lpecimens:
Copper-Aluminnm, WAL 0-1!
Aluminue QQ-AT0C iy -
Copper-Nickel {70-30)
Monel-Bronze
Stainless Steei {118} -
Fhosphor-Buone.
Si1lver Base biracing Alloy -
Steel, IWO4
Aluminum QQ-A-T0-11 -
Pronze
Aluminum QQ-A-JH0-Up -
Steel, 10V
20,000 PSIG Stirred Corrosion
Test, weight change, ro
Insulated Specimensis
Copper
Stainless Sta=1, 316
Copper-Nickel {70-30)
Aluminum, QQ-A-29C-Lb
rhosphcr-Bronze
Steel, gatvanized
Steel, 100M
Aluminum, QQ-A-.T9%0-11
Broaze
Monet
Silver bBase Braring Alloy
Electrically Coupled Specimens:
Cooper-Aluminum, WQ-A-250-11
Aluninuem, QQ-A-250-Lr -
Copper-Nickel (70-30)
Moael-Bronze
Stainless Steel {:16) -
Phospaor-Bronze
Silver Base Brazing Alloy -
Steel, 1009
Aluminum, QQ-A-250-11 -
Bronze
Aluminum, QQ-A-250-4b -
Steel, 1009
Pump Test
Average W~ight Loss, mg
Steel Gears
Bronze Lushings
Corrosion Coupons, weight loss,
each, mg/c
Capper
Aluminum
Steel, galvanized
Steel, 1009
Silver Base Brazing Alloy
Dielectric Properties
Resistivity, 75 °F, oh~.-cm:
As-Received
With Sea-Water Contamination:
0.1% by volume
0.5% by volume
2.0% by volume
wWith carbon Contamination:
0.1% wt/vol.
0.25% wt/vol.
N.5% wt/vol.

1.2x10lu

Method

4]

See Thapter ¢
Test C-4

Proposed military
specification for
sea-water emulsi-
fying oils

AST™ D-1169 (mod-
ified). See Chap-
ter 2. Test E-1
Chapter 2

Test E-5

Chapter 2?2
Test E-6
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Method
Dielectric Properties (Cont)
After 50,000 Electric Arcs See Chapter ¢
(mukes and breaks) at 90 Test E.7
* volts, 10 amperes, resis-
tive load
. Not filtered -
' Filtered -
Solids yenerated, yram -
Dissipation Factor, 75 *p, % Se¢e Chapter ©
As-Receved 0.7 Test E-?
! With Sea-Water Contamination: See Chapter 2
a 0.1% by volume Test E-Y
L 0.5% by volume -
2.0% by volume -
r With Carbon Contamination: See Chapter ¢
' 0.10% wt/vol. Test E-6
. 0.25% wt/vol. -
0.50% wt/vel. -
Aftexr 50,000 Electric Arcs
(makes and breaks) at 90
i volis, 10 amperes, resis-
s LS tive load
{ Not filtered -
I Filtered -
{ Solids generated, gram -
R Dielectcic Breakdown Voltage, ASTM D-877 (mod-
v 0.05~inch gap, 75 *F, kv ified) . see Chap-
As received 24.6 ter 2, Test E-3
£ With sea-watar contamination: Chapter 2?2
: 0.1% by volume - Test E-5
. 0.5% by volume -
2.0% by volume -
- With carbon contamination: See Chapter 2
' 0.10% wt/vol. Test E-6
lr 0.25% wt/vol. -
4 C.50% wt/vol. -

After 50,000 electric arcs
(makes and breaks) at 90
volts, 10 amperes, resis-

-4
4

P
-

tive load
Not filtered -
Filtered -
. 1 Solids generated, gram -
E : ij Contact Life, silver-cadmium, 50 See Chapter 2
{ volts, 10 amperes, resistive Test E-§
} load, 6000 psi, 65°-85° F
‘ Number cf tests -
[ 1} Operations to failure (range) )
] Emulsion Stability
t Paddle Test, after l-hour set. ASTM D-1401
{ tling:
f? 0il, ml 40 -
! lj Emulsion, ml 8 -
E Water, ml 32 -
Electric Probe Test, time for See Chapter 2
water separation, min Test E-4
Material Compatibility Static 20KPSI See Chapter 2
. Butyl Test C-3
Buna N -
: viton B - !
' Z? Ethylene-Propylene - !
E 1i Tetrafluoroethylene (Teflon) - ;
i Neoprene - i
; Thiokol - i
i Silicone - H

Fluorosilicone _

"3
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Volatitae,

o
E)_x'l\_:;.x_ll, Grams, cubiie centameter, ats L
Vo g
LO00 pEy
FLO00 g
S,000 paag
1O, 000 pe1g
1,000 nsyg
LU0 pey
Usotheral Compress it
AT&‘T‘YI‘:‘:;EV,A’, ate
¢ palyg
A,000 psig
LL00 psig
3,70 psty
10,000 psig
15,000 psiyg
20,000 psiy

A
A T

Petrolgg

SO
.

Chemical Stability
Oxidat:on Stability Test, 203° p,
hours to tailure
Oxidation Stability Test, 7490° F
Hydrolytic Stability Test
Specimen chanye, my
Specimen appearance
Fluid acid number increase,
mg KOH/gram fluid
Water acidity, my KOH
Insolubles, ~
Thermal Stability Test
Fire Resis:ance
Flach Point, °F
Fire Pcint, °F
Autogencous Ignition Temperature, “F
High-Pressure Spray Combusiur
Minimum spontanecus 1ga’tion
temperature, °F
Minimum reacticn fexperature,
°F
No indicaticn «f fire, °F
Maximum pressure charge, ps:
Lowest temperature of maximun
pressur2 change, °F
Tempera.urc rsice explored, °F
Miscellaneous Properiies
Pour Pcint, F
Foaming Tendency. 75° F
Foam after S.minute aeration,
mi
Time out, mirutcs
Foam after i{-minute gettling,
ml
Neutralizaticn Numker, mg KOH/gram
Water Ccntent, & by weight
Net trality, qualitative
Contamination
Number and size of particles and
fibers in 100-ml fluid
25-100 micrometers
100-500 micrometers
oveyr 500 micrometers
particles over 250 microm-
eters except fibers (length
ten times diameter)
Y avimetric Value, mg/100 ml
specific gravity at 71/60 °F
Colnr

€l /gal vailabld
Availability anri

1000+

RV
300

c.08
0.016

0.832

from supplier

a¥3

|
!

|
i
|

Moo !

AR V3
At ! '
MAVLAEY

e kbl
Autaps b iy
MATLAL

RSTNM D- i’

Vedh, Moths
Military speo. o
caton MIL-H-

|
1y ]
|
]

ASTM D7,
ASTM D-EJC

ASTM D374

ASTM D~17Ll

Fed., Methcd 51C1

- i
SAE Method ARP- |
598

SAE Mcthod ARe. 784
p

i
ASTM D-17208
ASTM D-1500

rs

1“btermlnations made at atmospheric pressure, unless noted.
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Fluid Code G

Suggested Uses and Possible Limitatiqﬂg

The atmospheric pressure viscosity of Fluid Code G sug-
gests that it could be a general-purpose petroleum fluid. 1Its
corrosion-inhibiting properties are moderately good for both
ferrous and nonferrous metals., Initial dielectric properties
are good, but additinnal information relating to electrical
applications is lacking,
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Fluid code gt1)

Petroleum Base Fluid)

—

Viscometoie Properties

Viscontty, centistukes, atz
Cousity
3,000 pstyg
£H.000 psiyg
8,000 psy
10,000 psiy
19,000 psig
L0000 psay

viscosity, centistokes, at 100* F,
Vigcosity, centistokes, at 210° F,
Q psiy

Viscow‘ty $lope, ASTM

LR 100% ¥

1,0

¥

10.%50
2.50

0.823

feet by

Sue NSRDL
Annapolain Report
MATLAL 240

ASTM DL4Y,

Lubricating Abtlity

L.8all wWear Test, 30 min, %0° C,
£210C steel, average scar dia.,
mms

1 kg
3 kg
5 ¥y

Corrougion PrTotection

Stirred Rust Test, 10% seawater,
140° F, 2 days
on-0ff R.st Test, S0¥ scawater,
140° F, QO days
Ambient Pressure, coupcn
stirred, corrosion test, weight
change, mg
Copper
Stainless Steel, 316
Copper-Nickel (7C-30)
Aluminue, 20-A-250-4b
Phosphor-Bronze
S*eel, galvanized
Steel, 1009
Aluminum, QQ-A-250-11
Bronze
Mone?
Silver Base Braziny Alloy
20,000 PSIG Pressure-Cycled
Corrosion Test (1% seawater),
weight change, mg
Insulated Specimens:
Copper
Stainless Steel, 316
Copper-Nickel (70-30)
Aluminum, QQ-A-250-4b
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Aluminum, QQ-A-250-11
Bronze
Nonel
Silver Basa Brazing 'lloy

Pass
Fail

Fed., Method €40
(modified)

ASTH D-£55

Sce Chapter ¢
Test C.5

See Chapter 2
Test C-1

See Chapter ¢
Test C.2
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Cuorros.on Protection {Cont)
Flectiicaily Coupled Specimens:
Copper-Aluminum, QQ-A-290-11
Aluminum QQ-A-250.4b .
Copper-Nickel (70-30)
Monel-Rronze
Stainless Steel (316} -
Phosphor-Bronze
Silver Base Brazing Alloy -
Steel, 1004
Rluminum QQ-A-0H0-11 -
Bronze
Aluminum QQ-A-250-4h -
Steel, 1009
20,000 PSIG Stirred Corrosion
Test, weight change, mg
Insulated Specimens:
Copper
Stainless Steel, 316
Copper-Nickel (70-30)
Aluminum, QQ-A-250.4b
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Aluminum, QQ-A-250-11
Bronze
Monel
Silver Base Brazing Alloy
Electrically Coupled Specimens:
Coupper-Alumninum, QQ-A-25C-11
Aluminum, QQ-A-250-4b «
Copper~Nickel (70-3C,
Mon.l-Bronze
Stainless Steel (316) -
Phosphor-Bronze
Silver Base Brazing Alloy -
Steel), 1009
Aluminum, QQ-A-250-11 ~
Bronze
Aluminum, QQ-A-250-4b .
Steel, 1009
Pump Test
Average Weight Loss, mg
Steel Gears
Bronze Bushings
Corrosion Toupons, weight loss,
each, mg/cm
Copper
Aluminum
Steel, galvanized
Steel, 1009
Silver Base Brazing Alloy
Dielectric Properties
Resistivity, 75 °F ohm-cm:
As-Received
With Sea-Water Contamination:
0.1% by volume
0.5% by volume
2.0% by volume
With Carbon Contamination:
0.1% wt/vol.
0.205% wt/vol.

0.5% wt/vol.

(10% seawjter)

.
wn

.
AN

.
-

+ t
OOOOO?OOOOO

.
o

0.01
0.03
0.01
0.01
0.02

8.0x10

13

= o

 Method T

See Chapter @
Test C-4

Propcsed military
spec:.fication for
sea-water emulsi-
fying oils

ASTM D-1169 {mod-
ified) . See Chap-
ter 2. Test E-1
Chapter 2

Test E-5

Chapter 2
Test E-€
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Diclectrse Properties (Cont)
Atter 0,000 Electric Arcs
(makes and breaks) at 90
volts, 'C ampetvs, Iesis-
tive load
Not filtered
Filtered
sSolnds generated, gram
Dissipat:ion Factor, @ °F, §
As-Receved

.17 by volume
0.%" by volume
2.0¢ by volume
With Carbon Contamination:
0.104 wt/vol.
C.0%0 wt/vol.
C.507 wt/voel,

Afrter S0,000 Elestric Arcs
{makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered

Filtered

Solids generated, gram
Direlectric Breakdown Voltage,
0.0%-inch gap, 75 °F, kv

As received

0.1% by volume
0.9% by volume
2.0% by volume
With carbon contaminationt:
C. 103 wt/vol.
0.257 wt/vol.
0.507 wt/vol.

After 50,000 electric arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered
Filtered
Solids generated, gram
Contact Life, silver-cadnium,
voits, 10 amperes, resistive
load, 6000 psi, 65°-85° F
Number of tests

Emulsion Stability

tling:
0il, nl
Emulsion, nl
Water, ml
Electric Probe Test, time for
water separation, min

Butyl

Buna N

Vviton B

Ethylene-Propylene
Tetrafluorocethylene (Teflon)
Necprene

Thiokol

Silicone

Fluorosilicone

With Sca-Watuvr Centaminationyg

With sea-water contamination:

Operations to failure (range)

Paddle Test, after l-hour set-

Material Compatibility Static 20KPSI

¢.8

SBY

Me thod

N

See Chapter {
Test E-7

Scrr Chapto

Test L2
Sce Chapter
- Test E-%

Seec Chapter ?
Teat E-U

ASTM D-E77 (mod-
ified). Sece Chap-
ter 2, Test L-3
See Chapter 2
Test E-5
See Chapter 2
Test E-G

See Chapter ¢
Test E-3

ASTH D-1401

See Chapter 2
Test E-U
See Chapter 7
Test C-3
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Density, Q]Z.hs?cub’.b“.F.‘.‘z]}ﬁl-li'{,‘ at: |

Isothetmal Compressibility, vilume

3" F

mqmmijaern,

150"

¢ psiy
4,000 psy
4,000 paiy
8,000 psiy
10,00C psiy
19,000 psiy
T0,000‘ps\q

decrease, ¥, at:

[ 55" F ]

_ 100" F

0 psiy
3,000 priy
£,000 psiy
8,000 psiy

10,000 psiy
15,000 psig
20,00C psiy

1L F

Chemical Stability

Fire Resistance

Miszcellaneo-s Properties

Oxidation Stability Test, 203° F,
hours to failure
Oxidation Stability Test, 250° F
Hydrolytic Stability Test
Specimen change, mg
Specimen appearance
Fluid acid number increase,
mg KOH/gram fluid
Water acidity, mg KOH
Insolubles, ¥
Thermal Stability Test

Flash Point, °
Fire Point, 'F
Autogeneous Ignition Temperature,°F
High-Pressure Spray Combustor
Minimum spontaneous ignition
temperature, °fF
Minimum reaction temperature,
°F
No indication of fire, °F
Maximum pressure change, psi
Lowest temperature of maximum
pressure charge, °F
Temperature range explored, °F

F

o

Coust $/gal
Availability

Pour Point, °F
Foamirg Tendency, 75° F
Foam after S5-minute seration,
ml
Time out, mirutes
Foam after 10-minute settling,
ml
Neutralization Number, mg KO!l/gram
Water Content, ¥ by weight
Neutrality, gualitative
Contamination
Number and size of particles and
fibers in 100-ml fluid
25-100 micrometers
100-500 micrometers
over 500 micrometers
particles over 250 microm-
eters except fibers (length
ten times diametcer)
Gravimetric Value, my/ 100 ml
Specific Gravity at 70/60 °F
Color

1000+

300
325

0.10
1.005

0.872

availabl

proprie

p from sugplier

Y

—
S

" Method

Sev NLRLL

Annapuiiy beport
MATLAB %' (
See NSIDL
Annupol » Feport
MATLAB 4'!

ASTM D-OQ47

Fed, Method L70¢
Military specit.-
cation MIL-H-
14078

ASTM D¢

ASTM D0

ASTM D-Z 140
Sce MEL lenort
51/66 ot Mourck
1367

ASTM D-O7
ASTM D-80C

ASTM D-"74

ASTM D-174L

Fed. Method “1C1
SAE Mcthod ARP-
1,98

v
>
m
A

i
~
jog
<
A
>
b
=

J
x
N

Determinations made at atmospheric pressuxe, unless noted.
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Fluid Code H

Suggested Ures and Possible Limitations

The atmospheric pressure viscosity of Fluid Code H would
lead to the prediction that it would not be suitable for hydrau-
lic systems or lubrication uses at more than 4000-foot depth.

properties are moderately good for both ferrous and nonferrous
metals,

111-152
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(Petroleum Base Fluid)

Fluid code (1)

Viscometr i ngre:txe-

Viscosity, centistokes, ats
0 psiy
3,000 paiy
5,000 psiy
8,000 paig
10,000 peiy
15,000 psiy
20,000 psig

Viscosity, centistokes, at 100 °r

Viscosity, centistokes, at 210° F,

O psiqg
Viscosity Slope, AST™

35° F 100° ¥

1.,0"

1

See NSKHDL
Annapolis Keport
MATLAB ".(

ASTM D44t

Lubricating Ability
"G.Ball Wear Test, 30 min, 50° C,
»210C steel, average s-ar dia.,
mms
1 kg
3 kg
5 kg

Corrosion Frotection

Stirred Rust Test, 10% seawater,
140° F, 2 days
On-Dff Rust Test, 50% seawater,
140° F, 30 days
Ambient Pressure, coupon
stirred, corrosion test, weight
change, mg
Copper
Stainless Steel, 316
Copper-Nickel (70-30)
Aluninum, QQ-A-250-ih
Phesphior-sronze
Stes:, jalvarize.
Steel, 100w
Aluminum, QQ-A-25.-11
Bronze
Monel
Silver Bese Brazing Alloy
20,00 PSIG Fressure.-Cycled
Corvcsson Test { 1% seawnter),
weight chanye, mg
Insulated Specimena:
Copper
Stainless Steel, 316
Copper-Rickel (7C-%0)
Aluminum, G -A-250 -4b
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Alusinume, QQ-A-250-11
Bronze
Norel
Si1lver Base Brazing Alloy

Pass

Fail

+
ny
.

+
A AR IO MG O

s
leNsNsNoNoNo

+

+

55555

i

[
W
Lad

Lo

Fed, Method .47’
(modi fied)

ASTM D-6€F

See Chapter 7
Test C-5

See Chapter ?
Test C-1

See Chapter !
Test T-7

%

i
H
S
3
1
H
1
¥




Corrosion Protection {Cont)
Electrically Coupled Specimens:
Copper-Aluminum, QQ-A-0950-11
Aluminum QQ-A-250-4b -
Copper-Nicks1l (70-30)
Monel-Bronze
Stainless Steel (416) -
Phosphor-Bronze
Silver Base HBrazing Alloy -
Steel, 1004
Aluminum QQ-A-U%0-11 .
Bronze
Aluminum QQ-A-750-4b -
Steel, 1009
20,000 PS1G Srirred Corrosion
Test, weilght change, mqg
Insulated Specimenst
Copper
Stainless Steel, 316
Copper-Rickel (70-30)
Aluminum, QG-A-250-4b
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Alumiaum, QQ-A-290-11
Bronze
Monel
Silver Base Brazing Alloy
Electrically Coupled Specimens:
Copper-dluminum, QQ-A-250-11
Aluminum, QQ-A-250-4b -
Copp2r-Nickel (70-30)
Moncl-Bronze
Stainless Steel !316) -
Phosphor-Bronze
Silver Base Crazing Alloy -
Steel, 1009
Aluminum, QQ-A-250-11 -
Bronze
Aluminum, QQ-A-250-4b -
Steel, 1009
Pumg Test
Average Weight Loss, mg
Stecl Gears
Bronze Bushings
Corrosion Coupons, weight loss,
each, mg/cm<
Copper
Aluminum
Steel, galvanized
Steel, 1000
Silver Base Brazing Alloy
Dielectric Properties
Resistivity, 'F, ohm-cm:
As-Received
wWith Sea-Water Contamination:
0.1% by volume
0.5% by volume
2.0% by volume
With Carbon Contaminatior:
0.1% wt/vol.
0.25¢ wt/vol.
0.5% wt/vol.

Me thod

See Chapter 2
Test C-4

Proposed military
specification for
sea.water cmnulsi-
fying oils

AST™ D-1169 {mod-
ified). See Chap-
tey 2. Test E-1
Chapter 2

Test E-5

Chapter 2
Test E-6
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Dielectric Pruoperties {Cont)

After 0,000 Electric Arcs
{(makes and breaks) at Yo
volts, 10 amperes, tesis-
tive load

Not filtered
Filtered
Solids yenerated, ram
Dissipation Factor, *¥, ¥
As-Received
wWith Seca-Water Contaminationg
0.1% by volume
0.5% by voliume
2.0 by volume
With Carbon Contamination:
0.10% wt/vol,
0.25% wt/vol.
0.50% wt/vol.

After 50,000 Electric Arcs
(makes and breaks) at GC
volis, 10 amperes, resis-
tive load

Not filtered
Filtered
Solids generated, gram
Dielectric Breakdown Voltaqe,
C.0%-inch gap, "F, kv
As received
With sea-water contamination:
0.1% by volume
0.5% by volume
2.0% by volume
With carbon contamiration:
0.10% wt/vol.
V.cH% wt/vol.
0.5CF wt/vol.

After 50,000 electric arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered
Filtered
Solids generated, gram
Contact Life, silver-cadmium, 50
volts, 10 amperes, resistive
load, 6000 psi, 65°-85° F
Number of tests
Operations to failure {range)
Emulsion Stability
Faddle Test, after l-hour set-
tling:

oil, ml

Emulsion, ml

Water, ml

Electric Probe Test, time for

water separation, min
Material Compatibility Static 20KPSI

Butyl

Buna N

viton B

Ethylene-Propylene

Tetrafluoroethylene {Tcflon)

Neoprene

Thiockol

Silicone

Fluorosilicone

§o08&

Method

See Chapter 2
Test E-7

Sce Chapter
Test E-¢

Sew Chapter ?
Test E.Y

-3

See Chapter 2
Test E-G

-

ASTM D877 (mcd-

ified). See Chap-

ter 2. Test E-3

See Chapter 2
Test E-5

See Chapter 2?2
Test E-6

See Chapter 2
Test E-5

BSTM D-1401

See Chapter 2
Test E-4
See Chapter 2
Test C-3
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Me thod
#olatility -
Toxicity Petroleun -
Density, yrams/cublic centimeteor, at: { SLYF 1007 F 1507 ¢ Tt -
O psiy See NSRUDL
3,000 paty Annapolis Repurt
9,000 puty NATLAB 340
8,000 psiy
10,000 psty
19,000 ps1y
20,000 peiy R _— e
Isothermal Cospressibility, volume | b F 100 F 0" F 1 ——
“decrease, ¥, at: sce NSRDL
O psiy Manapoliy Report
3,000 psty MATLAB 340
5,000 P!i\j
8,000 psiy
10,000 psig *
15,000 psiq
20,000 psig
Chemical Stability
Oxidation Stability Test, 203 F, ASTN D542
hours tc failure
Oxidation Stability Test, 250 F Fed. Mcthod 4208
Hydrolytic Stability Test Kilitary speciti-
Specimen change, mg cation MIL-H-
Specimen appearance 194578
Fluid acid number increase, -
mg XOH/gram {luid
Water acidity, mg KOH -
Insolubles, -
Thermal Stability Test -
Fire Resistance
Flash Point, °F 295 ASTM D-92
Fire Point, °F 445 ASTM D92
Autoganeous Ignition Temperature,*F ASTM L2155
High-Pressure Spray Combustor Sce MEL Report
Minimun spontaneocus ignition 51/66 of March
temperature, °F 1967
Kinimum reaction temperature, -
L]
F
No indication of fire, °F -
Maximum pressure change, psi -
Lowest temperature of maximum -
pressure change, °F
Temperature range explored, °F -
Miscellarsous Properties
Pour Point, 'F AST D-97
Foaming Tendency, 75° F ASTM D-B9?
Foam after S-minute aeration, -
ml
Time out, minutes -
Foam after 10-minute settling, -
ml
Neutralization Number, mg KOH/gram ASTM D-9T4
Water Content, ¥ by weight 0.002 ASTM D-1TLl4
Neutrality, qualitative Fed. Method 5101
Contamination -
Number and size of particles and SAE Method ARP-
fibers in 100.ml fluid 598
25-100 micrometers -
100-500 micrometers -
over 500 micrometers -
particies over 250 microm- -
eters except fibers (length
ter times diameter)
Gravimetri¢ srive, mg/100 ml SAE Method ARP- 783
Specific grca.ity at 70/60 °F 0.866 ASTM-D-1298
Color ASTM D-1500
Cost $/gal availablp from supplier -
Availability provrieathry -

lveteminations made at atmospheric pressure, unless noted.
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Fluid Code J

Suggested Uses snd Possille Limitations

Fluid Code J, a petroleum oil froduct, aeets the require-
merts of the United States Pharmacope. a (USP) for medicinal
winerxal oils. It has been uased in . deep submergence veh.cle
as an immersion flui:d for nommovinjy electrical parts. Field
axperience has shown that it has failed asg a lubricant for
electric rotors and gesr:z at 1000 psig. 1t provides no corro-
sinn protection. It has satisfactory dielectric properties.
Its poor sza.water emulsion stability malies it questionable for ;
use with motors at deep submergence pressures. Although its 3
dielectric properties are good, its relatively high viscosity
makes it a quectionable chcice for other electrical applica-
tions at deep submergence pressures.

oy
i .

ORI
f—
i
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(Petroleum sase Yluid)

rluid code J{1)

r

Yiscometsic Properties

o — e —

Me '!.h_l—

Viscoslty, centistokes, at: L 100° F Q% F
O psig
3,000 paig Sea NSRDL
5,000 psig Annapclis Report
8,000 psiy MATLAB 340
10,000 psiy -
15,000 ps:g -
20,000 psig -
!
l

viscosity. centiatokes, at 1C0* P, 4d.1

viscosity, cuntistokes, at 210° F, 6.08 ASTM D-44%
0 psig

Viscosity Slope, ASTH 0.771 -

Lubricating Ability -

F_Ball Wear Tes:, 30 min, 50° C. i Fed. Method 6502
52100 steel, average scar dia., ' (mndif:ed)
.~

1 kg -

3 kg -

5 kg -
ZCorrxosion Protection

Stirred Rust Test, 10% seawater, RSTM D-65E
40° F, 2 days Fail

on-Gff Rust Test, S0% seawater, See Chapter 2
140° F, 3 days Fail Test C-5

Ambient Pressare, coupcn See Chapter 2

Test C-1

gtirred, corrosion test, weight

change, g
Copper
Stainless Steel, 316
Copper-Nickel (76-30)
Aluminum, QQ-A-25C-A4b
Phosphor-Rronze
Steel, galvanized
Steel, 1309
Aluminum, QQ-A-250-11
Bronze
Monel
Silver Base Brazing Alloy

20,000 FSiG Pressure-Cvcled

Corrosion Test (1% seawater),

weight change, mg

Insulated Spocimens:

{opper
Stainless Steel, 316
Copper-Nickel (70-30C)
Aluminum, QQ-k-250-2b
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Aluminum, QQ-A-250-11
Bronze
Monel

Silver Base Brazing Alloy

« s e e

D)

+ L t\b + :.S% + +
o B EERRER wm o
B
N E QW0 =0T

See Chapter 2
Test C-2
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Co:rosion i12t2¢ ion (Contj
Electrically Coupled Specimens:
Copper-Aluminum, QU-A-2950.11
Aluminum QQ-A-250-4b -
Copper-Nickel {70-30)
Monel-Bronze
Stainless Steel (316) -
Phosphor -Bronze
Silver Base Brazing Alloy -
Steel, 1004
Aluminum QQ-A-250-11 .
Bronze
Aluminum QQ-A-250-ib -
Steel, 1009
20,000 PSIG Stirred Corrogion
Test, weight change, mg
Insulated Specimens:
Copper
Stainless Stesl, 316
Copper-Nickel {70-30)
Aluminum, QQ-A-250-4p
Phosphor-Bronze
Steel, gaivanized
Steel, 1009
Aluminum, QQ-A.250-11
Sronze
Morel
Silver Base Brazing Alloy
Electrically Coupled Specimens:
Copper.hluminum, QQ-A-250-11
Alvminuem, QQ-A-250-4b -
Copper-Nickel (70-30)
Monel-Eronzy
Stainless Steel (316) -
Phosphor-Bronze
Silver Base Brazing Alloy -
Steel, 1009
Elumiman, Q2-A-250-11 -
Bronze
Rluminum, Q-A-250-Ub -
Steel, 1009
Pump Test
Average Weight Loss, mg
Steel Gears
Bronze Bushings
Corrosior Coupons, weight loss,
each, mg/e
Copper
Aluminum
Steel, galvanized
Steel, 100G
Silver Base Brazing Alloy
Dielectric Pruperties
Resistivity, 80 %¥, ohm-cm:
As-Received Q?)
With Sea-Water Contaminatioh:

0.5% by volume

2.0% by volume
With Carbon Contamination:

0.25% wt/vol.
0.5% wt/vol.

12.6x10t%
4, 4x10t

R S

See Chapter ¢
Test C-4

Proposed military
specification for
sea-water emulsi-
fying oils

AST™ D-1169 (mod-
ified) . See Chap-
ter 2. Test E-1
Chapter 2

Test E-5

Chapter 2
Test E-6
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Diclectric Pioperties {Cont)

After Y0,000 Electric Arcs
{(mukes and oreaks) at 90
volts, 0 amperes, iosis-
tive load

Not filtered
Filtered
Solids yencrvated, gram
Dissipation Factor, B0 °F, %
As-Received
With Sca-Water Contaminationy
0.14 by volume
0.5% by volume
2.0% by volume
With Carbon Contaminations
0.104 wt/vol.
0.25% wt/vol,
0.50% wt/vol,

After 0,000 Electric Arcs
\makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filterea
Filtered
Solids generated, gram
Dielectric Breakdown Voltage,
0.0%-inch gap, 80 °F, kv
As received
With sea-water contamination:
0.1% by volume
0.5% by volume
2.0% by volume
With carbon contamination:
0.107 wt/vol.
0.25% wt/vol.
0.50< wt/vol.

After 50,000 electric arcs
(makes and breaks) at 90
volts, i0 amperes, resis-
tive load

Not filtered
Filtered
Solids generated, gram
Contact Life, silver-cadmiuvm, 50
volts, 10 amperes, resistive
load, 6000 psi, 65°-85° F
Number of tests
Operations to failure (range)
Emulsion Stability
Puddle Test, after l-hour set.
tling:

0il, ml

Emulsion, ml

Water, ml

Electric Probe Test, time for

water separation, min
Material Compatibility Static 20KPSI

Butyl

Buna N

Viton B

Ethylene~Propylene

Tetrafluoroethylene (Tefion)

Neoprene

Thiokol

Silicone

Fluorosiiicone

4o

0.2

Me t hod

See Chapter ¢
Test E-7

See hapter ?
Test E-2
See Chapter 2

- Test E.5

See Chapter 2
Test E.G

ASTM D-877 (mod-

ified). See Chap-

ter 2. Test E-3

See Chapter 2
Test E-5

See Chapter 2
Test E-6

See Chapter 2
Test E-8

ASTM D-1401

See Chapter 2
Test E-4

See Chapter 2
Test C-3
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Volatility
Toxicity

Density, grams/cubic centimeter, at:

Petr b o
e o e

T R et T T

0 psig
3,000 paig
5,000 paig
8,000 psig

10 000 psig
15,000 psig
20,000 paig

See NSHOL
Annapolis Repost
MATLAB 2.0

b e — 4

[ — e s

e

Lo

v

e
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Isothermal Compressibility, volume

35" F 1007 F

150" F |

decrease, at:
0 psig
psig
psig
psig
psig

3,000
5,000
8,000
10,000

15,000 paig
20,000 psig

See NSRDL
Annapolis Keport
MATLAB 340

Chemical Stability
Oxidation Stability Test, 203%° F,
hours to failure
Oxidation Stability Test, 250° F
Hydrolytic Stability Test
Specimen change, mg
Specimen appearance
Fluid acid number increase,
mg KOH/gram fluid
Water acidity, mg KOH
Insolubles, %
Thermal Stability Test
Pire Resistance
Flash Point, °F
Fire Point, °F
Autogenesous Ignition Temperature, °F
High-Pressure Spray Combustor
Hinimum spontanecus ignition
tenperature, °F
Minimum reaction temperature,
o
F
No indication of fire, °F
Maximum pressure change, psi
Lowest temperature of maximum
pressure change, °F
Temperature range explored,
Miscellansous Properties
Pour boint, "F
Foaming Tendency, T5° F
Foam after 5-minute aeration,
ml
Time out, minutes
Foam after 10-minute settling,
ml
Neut :lization Number, mg KOHM/gram
wWater Content, % by weight
Neutrality, qualitative
contamination
Number and size of particles and
fibers in 100-m1 fluidg
25-100 micrometers
100-500 micrometexs
over 500 micrometers
particles over 250 microm-
eters except fibers (length
ten times diameter)
Gravimetric Value, rg/100 ml
Specific gravity at 63/60 °r
Color

p

Cost §/qal

R O

Availability

0.12
Satisfacy
0
0.31
nil
400
435
-5
0.03
0.005

ory

bller -

ASTM D-OUZ

Fed., Method 520C
Military speciti-
cation MIL-H-
194478

ASTM D-92

ASTM D-9?2

AST D-2155%
See MEL Report
31/66 of March
1967

ASTM D-97
ASTM D-89%

ASTM D-QTH

ASTIM D-1T744

Fed. Method 5101
SAE Method ARP-
598

SAE Method ARP- 784

ASTM D-1298
ASTM D-1500

1Dotoz-1nltion. sade at ctmospheric pressure, unless noted.

111-161
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Fluid Code K

Suggested Uses and Possible Limitations

Fluid Code K meets the requirements of the National Formulary
(NF) for medicinal mineral oils. As a petroleum oil product
its dielectric properties have not been determined. It~
has been used as an immersion fluid for nonmoving electric
components at depths not exceeding 2000 feet. in one particu-
lar instance in the field, it failed as a lubricant for moving
parts. It provides no corrosion protection.

111-162

iy




o

G R Qo

L | G —

Pluid code k' V.

(Petroleum Base Yluid)

Viscometric Properties

Viscosity, centistokes, at:

0 psig

3,000 psig

5,000 psig

8,000 psig

10,000 psig

15,000 psig

20,000 psig

Viscosity, centistokes, at 10Q°

Viscosity, centistokes, at 210" p, .23

0O psig
Viscosity Slope, ASTM

35° F 100° F

150° F

[ 7-68

0.782

Me thod
- =1

See NSHDL
Annapolis Report
MATLAB 30

-

ASTM D-445

Lubricating Abilit
-Ball Wear Test, 30 min, S0* 2,
52100 stael, average scar dia.,
mm3
1 kg
3 kg
5 kg

Corrogion Protection

Stirred Rust Test, 10% seawater,
140* r, 2 days
On-0f¢ Ruat Test, Su¥ secawater,
1450° P, 30 days
Asblent Pressure, coupon
stirred, corrosion test, weight
change, wg
Copper
stainless Steel, 316
Copper -Nickel (70-30)
Xluminum, QQ-A-250-4b
Phosphor-Bronze
Yteel, galvanized
Steel, 1009
Alumisum, C(K-A-250-11
Bronge
Monel
Silver Base Brazing Alloy
20,000 »S81G Pressurs-Cycied
Corrosion Test (1% seawater),
weight chanae, mg
Insulated Specimens:
Copper
Stainless Steel, 316
Copper-Nickal (70-30)
Aluminum, CQ-A-250.-4b
Phosphor -Bronre
Steel, gulvanized
Steel, .009
Aluminvm, QU-A.-250-11
sroaxe
MNonel
gilver Base Brazing Alloy

Fed. Method 6503
(mocified)

AST™M D-665

See Chapter 2
Test C-5

See Chapter 2
Test C-1

See Chapter 2
Test C.2
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~orrosion Prutection (Cont)
¥lectrically Coupled Speac: mens:
Copper-Aluminum, QU-A-250-11
Aluminum QU-A-250.4b .
Copper-Nickel (70-30)
Monel-Bron:ze
Stainless Steel (316) -
Phosphor-Bronze
Si1iver Base Brazing Alloy -
Steel, 1004
Aluminum QU-A-250-11 -

Bronze
Aluminum QQ-A-250-4p -
Steel, 1009

20,000 PSIG Stirred Corrosion
Teat, vweight change, mg
Insulated Specimens:
Copper
Stainless Steel, 316
Copper-Nickel (70-30)
Atuminum, QUQ-A-250-4b
Phosphor-Bronze
Steel, jalvanized
Steel, 1009
Aluminum, QQ-A-C50-1)
Bronze
Monel
Silver Base Brazing Alloy
Electri:ally Coupled Specimens:
Copper-Aluminum, QQ-A-250-11
Aluminum, QQ-A-250-4b -
Copper-Nickel (70-30)
Mone | -Bronze
Stainless Steel (316) -
Phosphor. Bronze
Silver BSase Brazing Alloy -
Steel, 1009
Aluminum, QQ-A-250-11 -
Bronze
Aluminum, 9Q-A-250-4b -
Steel, 1009
Fump Test
Rverage Weight Loss, mg
Steel Gears
Bronze Bushings
Corrosion Coupons, weight loss,
each, mg/c
Coppex
Aluminum
Steel, galvanized
Steel, 1009
Silver Base Braring Alloy
Dielectric Propestins
Resistivity, F;_Fhm~CAx
As-ieceived
With Sea NWater Contamination:
C.1¥ by volume
0.7% by volume
2.0% by volume
With Cerbon Contamination:
0.1% wt/vol.
0.27% wt/vol.

Q.55 wt/vol.

-

Method — 77

rr——

Sec Chapter ©
Test C-4

Proposed mil:itary
specification for
sea.water emuls.:-
fying oils

AS™ D-1165 (mod-
1fied) . See Chap-
ter 2. Test E-l
Chapter 2

Test E-%
Chapter ©

Test E-©
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Dieleciric Propertier (Cont;

Ater 50,000 Rlectric Arcs
{makes and breeks) at 90
volts, !0 amperes, resis-
tive load

Hot filtered
Filtered
Solids yenerated, yram
Dissipation Fuctor, °F, €
As-Received
with Sea-Water Contamination;
0.1% by volume
0.5% by volume
2.0% by volume
With Carbon Con'.amination:
0.10% wt/vol.
0.2%% wt/vol,
C.50% wt/vol.

After 50,000 Elactr:.c Arcs
{makes and breaks) at 9C
volts, 10 amperes, resis-
tive load

Mot filtered

Filtered

Solids generated, gram
Dielectric Breakdowm Voltage,
0.05%-1inch gap, *F. kv

As Treceived

Mith sea-water contam.nation:

C.1% by volume
0.%% by volume
2.0% by volume
With carbon contamination:
0.10% wt/vol.
0.25% wt/vol.
0.50% wt/vol.

After 50,000 slectric arcs
(makes and breaks) at 30
volts, 10 amperes, resis-
tive load

Mot filtered
Filterad
S50lids generated, gram

volts, 10 amperes, resistive
load, 6000 ps:, 65° 85" F
Number of tests
Operations to failure {rangs;
Emulsion Stability
Paddle Test, after '-hour set-
tling:
o111, m}
Emulsion, ml
Water, ml
Electr.c Probe tYest, tima for
water separation, min

Butyl

Buns X

Viton B

Zthylene-Propylane
Tetrafluoroethy ene { Teflon)
Neoprer.y

Thioko!l

$il.cone

fFluorocilicone

Nethod

Contact Life, silver-cadmium, 50

Material Compat;ibility Stacic 20KPSI

See Chapter 2
Test E-T7

Sev Chapter
Tes. E-¢

See Chapter ¢
Test E-%

-

See Chapter 2
Test E-€

AS™ D-877 (mcd-

ified). See Chap-

ter1 2. Test E-3

See Chapter 2
Test E-5

See Chapter ¢
Test E-£

See Chapter ?
Test E-3

Sze Chapler
Test 2-L

See Chapter
Test T-3
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Yolatility -
Toxacrty . Petrole SN SR, .
Density, jrams/cubic centimeter, at: [ 35V F b .
0 psiy See NSKDL
*,0C0 peirg Annapolise Lpoat
4,000 psay MATLAB ' |

3,000 psiy

10,000 psiy

14,000 pauy

20,000 psiy e
Isothermal Compressibility, volume
decrease, ¥, at: T see NSKDL

0 paLy Annapol s bis s

3,200 psi: MATLAB .0

5,000 psig

8,000 psiy

10,000 psig

15,000 psig

20,000 psiy
Tnemical Stabllity

ML R S T e -

Oxidation Stability Test, 203* F,
hours to failure
Oxidation Stability Test, C9%0° F
Hydrolytic Stability Test
Specimen change, mg
Specimen »ppearance

ASTM D- )4’

Fed, Method @77

Mili.ar, speo.i. -
cation MIL-ti-
13478

Fluid ac:d number increase, -

mg MOH/gram fluid

wWater acidity, mg KOH -
Insolubles, % -
Thermal Stability Test -
'l‘xre Resistance

Flash "oint, °F »30 AST™ D
fire Point, °F ASTM D7
Autuadeneodus ignition Tempetature,"? ASTM D-L1°° :
High-Pressure Spray Combustor Sce MEL Rew.osrt /

Minimum spontzneous 1gnitiorn | 1766 .t Mare~h

temperaturc, °F €7

Minimum reaction temperatiare, ! -

'F

No indication of fire, °F -

Maximum pressure change, ps: -

Lowest temperature of maximum -

pregsure ~hange, °7

Temperature range explored, °F -

Miscellaneous “roperties

¥our Point, 'F +15 i ASTM D-17
Foaming Tendency, 7" F ASTM D37

Foam after S.minute aeration, -

ml J !
Time out, minutes -
Foam after 10-minute settling, -

=l i
Meutraiization Number, mg KOH/gram ASTM D-374
Water Conient, ¥ by weight H AS™ D-1744
Neutrality, qualizative Fed. Methot - ;.1 |
contamination -
Nusber and sixe of particles and SAE Method AFP-
fibers 1n 10C.m. flu:d ~08
1‘ 2E-100 «icrometers i -
: 10N micromete s ! - ;

ovar S0C micrxratess -
particles ove: 250 microe-

zters except l:bers {leagch :
ten *imew diametor} i

Srav.meir:c Yeaiue, »g 10C =l j ; SAE Metho ! AP

i ;

Coior ; : i ASTM Do1rC :

. d . H i

Cost $gal ; !vll-&bI froe supplier : _ 1
Alazlabilily = . j propriefry i 1 N o . _,_.E

kD..uvz'lx.na!a.m--*u »ale 10 stwoapheric predauvre, unleas noutad.
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Fluid Code L

ggggpltnd Uses and Possible Limitations

Pluid Code L is a silicone oil containing an wdditive for
improvinag lubrication. Laboratory wear measurements show that
the additive has improved the lubricity when compared to a
silicone of the same viscosity. However, the wear tests indi-
cat- that the lubricity of Code L is still nct suitable for a
motor or gear lubricant under deep submergence conditions. It
affords no corrosion protection, and it is extremely flammable,
Its initial dieleciric properties are good. Because th s ;
product is a slight mcdification of MIL-S-21568A, l-cs fluiq, i
it should be a good second choice to the latter product for all :
electrical applicatione other than motors.
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71u1d code (1)
(81licons Base Fluid)

quumnx_:-_PwBe}ne-
Viscosit,, centistoken, st 55° F 100° } bty

|

{
3,000 peiy See NSRDLL

5,000 psiy Annap  las wepo ot ‘

4,000 psig MATLAB "7 I

10,000 psiy - |

15,000 pa.ig - l

20,000 paig -

|

|

!

Viscosity, centistokes, at 100" r,| 0.76
Viscosity, centistokes, at 150" F,| 0.b44 ASTM Uil
0 ps1y
Viscosity Slupe, AS™ - _
Lubricating Abilivy - R S S
L-Ball Wear Test, © min, 8&0° c, 1% Fet, Motr 1 o
%2100 steel, averag. scar dia., ynthetic (rodstre o)
mer e Dry eawater
1 kg - - N
3 kg - - -
b oKy 0.55 - -
15 kg 2.78 -
30 min, 53° €, 5°100 stesl 1 kq 0.26 Q.40
60 min, £2° C, %.)100 steet, ) kg G.30 .45

Corrosion Protecticon | ~
Stirred Rust Test, 10 seawater, Fail ASTM D-FF
150° F, 2 days i
on-0ff Rust Tez:i, “07 secawater, Sec Clante: i
1L0° F, 30 days : Test C-- ;
Ambient Pressure, coupon See Thaste: I
stirres, corrosionn test, weignt Test C-1! |
I

I

changje, mg
Copper -
Stainless Steel, 3i6 -
Copper-Nickel {7C-3) -
Aluminum, QQ-h-250-4b -
rhosphor-Bronze -
Steal, jalvanized . !
Sremal. 1009 -
Alurinum, QU-A-F53-11 -
Bronze -
Monel -
Silver Base Brazing Alloy
20,000 PSIG Pressurc-Cycled See O
Corrosion Test {17 secawster), Tes
we1ght chanme, my
insulated Specimens:
Copper H
Stainless Steel, 116
Coppec-Nickel [7C-30)
Aluminum, GG-A-T0 L -l
Phosphor-Branze

Steel, Galvanized : I _
Steel, !0 : -
Aluminur, wo-A-T50L0 1 ; HE
Bronze
Ncenel
S:lve: Base Brazi.njy A._

i

¥
x
X
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corrosion Protection {Cont)
Elzctrically Coupled Spucimans:

Copper-Aluminum, QU-A-250-11

Aluminunm YWJ-A-2%0.4Db o
Copper-Nickel (T0-30)

Monel-Bronze

Stainlexs Steel (316) -
Phosphor-Bronze

Silver Bare Brazing Alloy -
Steel, 1CO4

Aluminuw QQ-A-250-~11 -

Bronze
Muminum QQ-A-250.4F .
Steeyt, 1009

~0,000 PS1G Stirred Corrosion
Test, eight change, mg
Insulated Spocimenns
Copper
St inless Steel, 316
Couvper-Nickel (70-30)
Aluminum, QQ-A-250-4b
Prosphor-Bronze
Steel, galvanized
Steel, 1009
Aluminum, QQ-A-250-13
Bron e
Monel
Silver Pase Brazing Alloy
Electrirally Coupled Specimens:
Copper-Aluminum, QQ-A-250-11
Aluminum, QQ-A-250-Ab -
Copper-Nickel (70-30)
Monel -Bronze
Stainless Steel (318) -
Phosphor-Bronze
Silver Base Brazing Alloy -
Steel, 1007
Aluminum, QQ-A-250.-11 -
Bronze
Aluminum, QQ-A-20-4b -
Steel, 1009
Pump Test
Average Weight Loss, mg
Steel Gears
Bronze Bushings
Corrosion Coupons, weight loss,
each, mg/c
Copper
Aluminum
Steel, galvanized
Steel, 1009
Silver Base Brazing Alloy
Dielectric Propecties
" T Resistivity, 76 °P, ohm-cm:

Method

1

See Chapter ¢
Test C-4

Proposed mil tary
specificatioa for
ses.wdter emulsi~
fying oils

ASTM D-1160 {acd-
ified). See Chap.

As-Receivea 5‘0,1011 ter 2. Test E-1
With Sea-Water Contamination: Chapter 2
0.1% Ly volume - Test E-5
0.5% by voiume -
2.0% by volume -
With Carbon Contamination: Chapter 2
0.1% wt/vel. -  Test E-6
0.25%% wt/vol. -
0.5 wt/vol. -
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D\eleutxx\ Properties (¢ nl
YT T, 000 !lecnu Arcs

(makes and breaks) at Yo
volts, '0 amperes, rexis-~
tive lcad
Not filtercd
¥Filtered
S0lids gerrrated, yram
Dissipation Factor, 76 *p, %
As-Received
With Sea-Water Contamiaation
0.1% by volume
0.5% by volume
2.0% by volume
With Carbon Contamination:
0.10% wt/vol,
0.25¢% wt/vol,
0.504 wt/vol.

After 50,000 Electric Arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filteread
Filtered
Solids jenerated, gram
Dislectric Breakdown Voltage,
0.05-inch gap, 76 °F, kv
23 vecrived
With sea.water contamination:
0.1% by volume
0.5¢ by volume
2.0% by volumec
With carbon contaminations
0.10% wt/vol.
0.25% wt/vol.
0.509 wt/vol.

After 50,000 electric arcs
(makes and breaks) at u"
volts, 10 awperes, resis-
tive load

Wot filtered
Piltered
Solids generated, qram
Contact Life, silver-—cadmium, %0
volts, 10 ampercs, resistive
load, 6000 pei, 65°-85° F
Number of tests
Cpexaiions to failure (range)
Ewulsion Stability
Paddle Test, after i-hour set-
tlings

0il, ml

Emulsion, ml

Water, ml

Electiric Probe Tegt, trime for

water separation, min
Material Compatibility Static 20KPSI

Butyi

Buna N

Viton B

gthylena-Propylene

Tstrafluoroethylene {Tecflon)

Neoprene

Thiokol

Silicone

¥luorosilicone

0.9

4o
4o

Me thod

.y

See Clgpter
Test k-7

-

8ee Chopter

Test 2-2
See Chapter ¢
- Test E-%

See Chapter 2
Test E-6

ASTM DB77 (mcd-

ified). See Chap-

ter 2, Test E-Z

See Chapter 2
Test E-5

See Chapter 2
Test E-§

See Chapter 2
Test E-3

ASTM D-1401

See Chapter 2
“est E-L
See Chapter 7
Test C-.3
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Volatilit
ToxIcIty

8ilicone

Method

Density, grams/cubic cantimeter, at:

100 7

0O psig
3,000 psig
5,000 paig
8,000 psig
10,000 psig
15,000 psig

20,000 psig

IR

See NSRDL
Annapolis Keport
MATIAB 390

1sothermal Compressibility, volume

2 F

100" F

150° F

—

decrease, %, at:
0 psig
3,000 psig
5,000 psig
8,000 psig
10,000 psig
15,000 psig
20,000 psig

See NSRDL
Annapolis Repurt
MATLAB 340

Chemical Stabllity
Oxidation Stability Test, 203° F,
hours to failure
Oxidation Stability Tuost, 25%0° F
Hydrolytic Stability Test
Spacimen change, mg
Specimen appearance
Fluid acid number increase,
mg NOH/gram fluid
Water acidity, mg KOH
Insolubles, %
Thernal Stability Test
Pire Resistance
Flash Point, °F
Pire Point, °F
Autogeneous Ignition Temperature, °F
High-Pregssure Spray Combustor
Minimum spontaneous ignition
temperature, °F
n.inimum reaction temperature,
r
Mo indication of fire, °F
Maximum pressure change, psi
Lowest temparature of maximum
prassure change, °F
Temperature range explored, °F¥
Miscellaneous Properties
Pour Point, ‘P
Foaming Tendancy, 75° F
Foam after S.minute aeration,
ml
Time cut, minutes
Foam after 10-minute settling,
ml
Meutralization Number, mg KOH/gram
Water Content, % by weight
Neutrality, qualitative
Contamination
Mumber and size of particles and
fibere in 100-ml fluid
25-1C0 micromet=rs
100-500 micrometers
over 500 micrometers
particles over 250 microm-
eters except fibers (length
ten times diameter)
gravimetric Value, mg/100 ml

Color
Cost §/gal

Avsllabiiity

0.030

lvnihbli from suﬁ:liar
RLOpKis

ASTM D-942

Fed. Method 9308
Military specifi.
cation MIL-H-
19457

ASTM D-O7
ASTM D-G¢
AST™ D-2155
See MEL Report
31/66 of March
1967

AST™M D-97
ASTM D-892

AST™ D-9T74

ASTM D-1744

Fed., Method £101
ShE Method ARP-
598

SAE Method ARP- 789

ASTM D-170C

lbctaninltionl made at atmospheric pressures, unless noted.
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Fluid ¢ode M

Suggested Uses and Possible Limitations

Pluid Code M has a low viscosity which would indicate that it
»may be suitabls for special requirements at great depths. Its
wear test is rather good, indicating the posaibility of favor-
able lubrication properties. 1t provides some corrosion inhib-
ition. It has a low resistivity and a high dissipation factor,
making it questionable for any electrical application at deep
ocean pressure, It is highly flammable.
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rluid code n1).

(Petroieum Base Fluid)

Viecometric Properties

Viscosity, centistokes, ot

0 peig

3,000 psig
000 paig
000 psig
.000 p.lq
000
Q00

psig
psig

Viscosity, centistokes, at 100° P, 3.08

Viscosity, centistokes, at 210° F,
0 psig
Viscosity Slope, ABTM

35° r 100° F

150° F

Me thod

1.20

0.865

See NSKDL
Annapolis Repoct
MATLAB 350

ASTH D-44Y

Ludbricating Abilit
T-Ball Wear Test, 60 min, 80° C,

52100 steel, average scar dia.,
-t
40 xg

Coxrosion Protection

Stirred Rust Test, 10% seawater,
140° F, 2 days
on-Off Rust Test, 50% seawater,
140° P, 30 days
Ambient Pressure, coupcn
stirred, corrosjion test, weight
change, mg
Copper
Stainless Steel, 316
Copper-Nickel (70-30)
Aluminum, QQ-A-250-4b
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Aluminum, 2Q-A-250-11
Bronge
Monel
Silver Base Brazing Alloy
20,000 PS1G Pressire-Cycled
Corrosion Test (1% seawater),
weight change, ng
Insulated Specisens:
Copper
Stainless Steel, 316
Copper-Nickel (T0-30}
Aluminum, QQ-A-25¢ -4b
Phosphc T -Bronze
Steel, galvanized
Steel, 1009
Aluminum, QU-A-70-1:
Sronze
Bonel
Silver Base Brazing Alloy

0.75

Pass

Fail

!
-

[]
A~ OO0 OMOF

[ N
e e &
OIS CO DWW =\ O

L

Fed. Method 6403
(modified)

ASTM D-66F

See Chapter 7
Test C-5
See Chapter ?
Test C-1

-

See Chapter ¢
Test C-2

P11-173
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Corrosion Protect‘onAigo!&L
Blectrically Coupled : pocimens:
Copper-Aluminum, W-A-250-11
Aluminum QU-A-250-4b -
Copper-Nickel (70-30)
Monel-Bronze
Stainleas Steel (516) -
Phosphor -Bronzu
Silver Base Brazing Alloy -
Steel, 1004
Aluminum Quah-/'o-11 «
Bronze
Aluminum QQ-A-250-4b -
Steei, 1009
20,000 P8IG Stirred Cuironion
Test, weight chanye, mg
Insulated Specimens:
Copper
Stainlesas Steel, 316
Copper-Nickel (70-30)
Aluminum, QU-A-C50-4b
Phosphor-Bronge
Steel, galvanized
Steel, 1009
Aluminum, QQ-A-250-11
Bronze
Honel
Silver Base Brazing Alloy
Electrically Coupled Specimens:
Copper-Aluminum, QQ.A-250-11
Aluminum, QQ-A-25%04b -
Copper-Rickel (70-30)
Monel-Bronze
Stainless Steel (316) -
Phosphor-Bronge
Silver Base Brazing Alloy -«
Steel, 1009
Aluminum, QQ-A-250-.11 -
Bronze
Aluminum, QQ-A-050-41 -
Steel, 100G
Pump Test
Average Weight Loss, mg
Steel Gears
3ronze Bushings
Corrosion Ccupons, we.;ht loss,
each, mg/c
Copper
Aluminum
Steel, galvanized
Steel, 1009
Silver Base Brazing Allc
Dielectric Propecrties
T Resistivity, 77 °F, chm-cm;
As-Recei1ved
With Ssa-Nater Contamination:
0.1% by volume
0.5% Ly volume
2.0% by volume
With Carbon Contamination:
0.1% wt/vol.
0.29% wt/vol.
0.5% wt/vol.

3.8::103

bt

Method

See Chaptour @
Test C-4

Proposed military
specification for
sea-water emulsi-
fying oils

AS™ D-1169 {mod-
1fied). See Chap-
ter 2. Test E-1
Chapter &

- Test E-5
Chapter ~

- Tesr F-

.ty

4 4} v e o




PR,

e -

Method
Dielectric Properties (Cont)

Atter ©0,000 Electric Arcs See Chapter 2
(makes and breaks) at 90 Test E-7
volts, 10 ampetes, i1¢sis-
tive load

Not filtered -
Fillte ed -
Sulids yenerated, gram -

Dissipation Factor, 77 °F, # Se¢e Chapter ©
As-Received >60 Test E-?
With Sea.Water Contaminationg See Chapter 2

0.1% by volume - Test E-5
0.5¢ by volume -
2.04 by volume -

With Carbon Contamination: See Chapter ¢
0.10¢ wt/vol. Tert E-6
0.2%% wt/vol, -

0.50% wtsvol. -

After 50,000 Electric Arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered -
Filtered -
Solidx generated, jJram -

Dielectric Breakdown Voltage, ASTM D-BT7 (mod-
0.0%-1nch gap, 77 °F, kv 1fied). See Chap-

As received 2n.6 ter 2. Test E-3

With sea-water contamination: Sec Chapter 2

0.1% by volume Test E-£
0.5¢ by vojume -
2.0% by volume -

with carbon contamination: See Cnapter 2
0.10% wt/vol. Test E-€
0.257 wt/vol. -

C.50% wt/vol. -

After 50,000 electric arcs
{makes and breaks) at 30
volts, 10 amperes, resis-
t;ve load

Not filtered -
Filterec -
Solids generated, gram -

Contact Life, silver_-cadmium, 50 See Chapter 2
volts, 10 amperes, resistive Test E-3
load, 600C psi, 65°-85° F

Number of tests -

Operations to failure {range)

Emulsion Stability

Paddle Test, after l-hour set- ASTH D-1401
tling:

011, ml 30 -

Emulsion, ml 23 -

water, m} 2 -

Electric Probe Test, time for See Chanter &
water separation, min P Test E-4

Mazerial C atibility Static 20KPSI See Chapter ©

Rubber swell, %, Iéﬂ' r, 168 hr. Test C-3

Butyl -

Suna N - L stock Zl.1 R

Buna N - H stock 8.1

Viton B -

Ethylene-Propylene -

Tetrafluorosthylene (Teflon) -

Neoprene .

Thiockol

Silicone -

fluorosilicone -

* Based or aimospheriC pressure Jata.
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Vbll!illtx

O peig
3,000 peig
5,000 peig
8,000 peig
10,000 paig
15,000 peig

20,000 peiq

Isothermal Compiescibility, volum:

decrease, ¥, at:
Q parg
3.000 peig
5,000 peig
8,000 peig
10,000 psig
15,000 peiy

20,000 pei

I
mflx. grame/cubic centimater, ats t r

F 1 %" 7]

b -

B F i

ical Stability

Oxidation Stability Test, 20%° F,

hours to failure

Oxidation Stability Test, P&%C° F

Hydrolytic Stability Tes!
specimen change, mg
Rpec imen Appoa.ance
Pluid acid number increasc,
»g FOR/gram fluid
Hater scidity, m; MOH
Insolublea, %
Tharmal Etability Test
Fire Msistance
T ¥iash Point, °F
yire Point, °P

Autogene. us lgnition T-mwrature*F

High-?rossure Spray Combusto:
Rinimum ypontanecus 17Nt op
temperature, °F

Rinimuw reaction tomper:ture,

‘r
®o indication of fire, °.
Naximos pressure changn, p.i.

Lowvest temperature of maximu.r

pressure change, °r
Temperature range explored,
Riscellaneous Properties
Pour Point, F
Yoaming Tendency, 75° F

Poamt after S.minute aeration,

v

Time out, minutes

p

Foam after 10-minute settring,

-l

Weutraliza:ion Kusber, amwy WOH/yram

¥atar Content, ¥ Py weight
Beutrality, qualitativy
Contaminaton

Fambes and mizxe of particles and

f:bers in 100.ml fluid
€5-100 micrometers
100-500 micromcters
over S0C micromecteors

particlea over 2% mricrom.

eters except fibers { jength

ten times diametyr)
Gravisetric Valne, =y /100 a:
specific grsvity at 70/62 °F
Color
Coet 3/gai

Avallability

215
220

<90

*nu-tact.p:y

J.8%&

lavalriabld frum Ng%hor

roprietry

Il
H

e thod

N —

RSSO

See NSRDL
Annspolin Report
MATIAB 340
Sce NSRDL
Annapolis Repor?
MATLAB 30

-— - —

ASTH D 34

Fed, Method ', 0H
Military specifi-
cation MIL-H- ;
194578 :

AST™ D-37

AST™ D-3.

ASTM D-21%,
Sce MEL keport
31,766 of Marsh
1967

ASTM D-3/
ASTH §-E07

ASTM L-F746
ASTI O- 1744
Fed. Method 101

SAE Method ARFP- .

Q8

” Ly

N H
. {

SAE Mo rho-d ARP. TBY i

ASTH D-12%8 i

ASTR D-150C i

lpeterminastions mede st stmoepheric pressure, unless noted.
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Pluid Code N

mud Uses and Possible Limitations

Fluid Code N is a sea-water-compatible/water-glycol-type
hydraulic fluid and lubricant. 1Its viecosity is high, but
since it has a water base it is possible that pressure would
increase the viscosity by only a small amount, It provides
fair lubrication for all conditions except rolling contact.
It provides some corrosion protection. It will be unsuitable
for any electric application at dcep ocean pressure since its
water base gives it unsuitable dielectric properties. It is
fire resistant in spite of its low flash point since it will
cease to burn when the source of ignition is removed.
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(water-Glycol Type Pluid)

Pluid code w(d)

Viscomstric Properties
Viscoalty, centistokes, at:

Pl 4

100° r

10 00®

F

O pesig
3,0CC paig
000 psig
8,000 psig
10,000 paig
000 peirg
000 psig

Viscosity, centistokes, at 100° r[
Viscosity, centistokes, at 150° p,
0 pesrg

Viscoaity Slope, ASTH

67.3
28

0.533

See NSRDL
Annapolis Rets.1
FATLAE 3.0

AST™ D-4h*,

Lubricating Abilit
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3 kg

15 &g
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Alue: e, 20.A-25C-11)
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Silver Basa Brazing Alioy
20,0 PSIG Pressurs~Cycled
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See Chapte:
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See Chapte:
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Corromion Protection (¢ont h S }
Tlectitcall Couplo toSsy o ranns -
Copper -Aluranue, o Al 011 -
Aluminue W-A-0 004 - |
Cuppet =Nichel (70 .) |
Nonel-Bionge - ‘
Stainless Siecd (41L) - - !
Phorphor ~Prons I
silver Base B Alte, - - !
Steel, 1004 '
Aluminur o0l -1l - -
Bronze i
Aluminur Qu-A- O 4L - -
steoel, OCd
OO0 PSS Stasted Cortos. n Seo Chag b
Test, <1 jht ~ha- , r., \ Test oL [
Ins.tated Spevironst ! i
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stainless Steel, 316 - !
Copper-Nickel (70-30) - ]
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Dielectric Propeities 1 ASTM D155 I o
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C.1% by voluxe Test E_- :
i .5 by voluwe - i
2.0% by volume - |
i Wetr Cachon Cuntamination: Thapter @ :
.17 wtovor. Test F.f |
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Dielectric Proparties
After 0, Flectric Arcs
{makes and breaks) .t 0
voi's, '0 ampereés, resie-

tive loed
Kot filtered
Flltered
§oliuds ganerated, jam
D:ssipation Pacter, P, €
As-Rece ) d
With Sea-Water Contam:nationg
0.1% by volume
0.5% by volume
2.0 by volumeo
With Carboa Contamination:
0.10€ wt/vol.
0.25% wt/vol.
0.50% wt/vol.

After %0,000 Electric Arcs
{makes apnd Dreaks) at Yo
volts, 10 amperes, rests-
tive load

Hot filtered
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&0lids generated, yram
Dielectric Breakdown Voltage,
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¥eoprene
Thiokol

i S.licione

L uarossiiione
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Pass i T
volatility Water s ]
Toxicity Glycol -

Density, grams/cubic centimeter, at: r 100 F ST a - 1
C paig ] See NSKDL
2,000 peig Annapolis Ko ot
g.g psig MATLAB 5.
. peig
10,000 psig
15,000 peig
20,00C psig
Isothermal Comprrssibility, volume T 1007 F LT S e
dacrease, X, ats . Sec NSRDL
C paig Annapoli @ Re.nog”
3,000 psig MATLAE ‘'
5,00 psig
8,000 psig
10,000 psig
15,000 gsig
20,000 paig
Chemical Stability R T
Oxidation Stability Test, 203" P, ASTM D-34 7
hours to failure
Oxidation Stability Test, 250° F red, Fethod '~
Hydrolytic Stability Test Militar, spo o0 ..
Specimen change, mg J.02 caticn MIL-f1.
Specimen appearance patisfactgry 195 (h
Pluid acidity pH 9.8 -
Insolubles, & nxl
- !
Thermal Stability Test - [
Yire Resiatance
PFlash Point, P 265 ASTM D-9?
Pire Point, °F 270 ASTM D-O7
Autogeneous Ignition Temperature,°F 825 ASTM D-Z15%
High-Pressure Spray Combustor - So¢ MEL Roport
Minimum sponta::eoua ignition 500 31/6€ «f March
temperature, °F 19€7
Miniaum reaction temperature, 460 -9
hs 4
No indication of fire, °P 450 -
- — Naximum pressure change, psi 200 -
Lowest temperature of maximum 560 -
pressure change, °F
Temperature range cxplored, °P F50—560 -
Miicellaneous Properties -
Pour Point, P 50 ASTM D-17
Foaming Tendency, 75° F ASTM D897
Poam after S.minute aeration, 28¢ -
ml
Tine out, minutes 4 -
Foam after 10-minute settling, o -
sl
Beutralization Number, mg KOMH/gram AST™ D-37
wWater Content, ¥ by weight AST™ D-1
Heautrality, qualitz'ive Fed, Mothod fiCH
Contamination -
Sumb: -~ and sige of particles and SAE Meth..} ARP-
fibers ir 100-m1 fluid 58
25-i00 micrometers -
100-500 micrometers -
over 5 micromte:s "
parti~les over 250 microm- -
eters sxuept fibers {length
ten timss diameter)
Gravimetric Value. mg/100 ml SAE M Ui AKPS
Color AST™ 3-120C
Cost '/yr1 hvailsblel from supglier -
Aveilability opris i S

leterminations mede at atmoepheric pressur?, unless noted.
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Pluid Code N
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Polyurethane
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Poor
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(date)
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To: Deep Ocean Technology Program

Subj: Improvement of Handbock of Fluids and Lubricants for
Deep Ocean Applications, Suggestions for

1. It is suggested that the handbook could be improved by
making the following changes:

2. Reasons for suggested changes are:

3. It is further suggested that the handbook could be made
more useful to users by adding material on the following (indi-
cate sources of required Information if known):

(signature) (date)

{title, organization)

(Return Address)
(Pold so that return address is out, tape, ard mail,.
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